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PACKAGE INFORMATION 
e Dual-in-line Plastic Unit: mm (inch) Scale 3/2 





e DP-28C e DP-28N 


34.70 (1.366) “ 
35.56 max(1.400 max) I TRIN ES 36.0 (1.417) 


37.32max(1.470max) 





=~ 
o 
6 
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zw 
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(0.276max) 


9.91 max 
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PACKAGE INFORMATION 
® Zigzag-in-line Plastic Unit: mm (inch) Scale 3/2 
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PACKAGE INFORMATION 
¢ Flat Package (J-bend Leads) Unit: mm (inch) Scale 3/2 









e CP-20D ¢ CP-20DA 
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PACKAGE INFORMATION 


¢ TSOP (Thin Small Outline Package) Unit: mm (inch) Scale 3/2 


e TFP-20DA e TFP-20DAR 
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M@ RELIABILITY OF HITACHI IC MEMORIES 





1. STRUCTURE 


IC memories are basically classified into bipolar type and 
MOS type and utilized effectively by their characteristics. 
The characteristic of bipolar memories is high speed but 
small capacity, instead, MOS memories have large capacity. 
There are also differences in circuit design, layout pattern, 
degree of integration, and manufacturing process. These 
memories have been produced with the standardized con- 
cept of design and inspection all through the processes of 
designing, manufacturing and inspection. 


e Table 1. Basic Cell Circuit of IC Memories 


eee Bipolar memory Bipolar memory NMOS memory 
Classification (RAM) (PROM) (Dynamic RAM) 


Buffer memory, 


nati control memory Microcomputer 
Appreation of high-speed control use 
computer 
Example of 
basic cell 
circuit 


Dies of IC memories are produced in various packages. In 
this process of packaging, Hitachi has also innovated new 
techniques and ensured to high level. As packages for IC 
memories, cerdip (glass-sealed) packages and plastic pack- 
ages are currently used. Also such packages as LCC (Lead- 
ess Chip Carrier) or SOP (Small Outline Package) have been 


e Table 2. IC Memory Package Outline 


@ Cerdip 


® 16-Pin @ 18-Pin 


3DDG16 


3DDG18 








IC memories are constituted by the unit patterns called cells, 
which are integrated in high density. The knowhows based 
on our experience have been applied in every production 
stage. In addition, reliability has been ensured using TEG 
(Test Element Group) evaluation. Examples of cell circuits of 
bipolar and MOS memories are shown in Table 1. 


NMO MAC) 
, 


NMOS memory 
memories (PROM) 
Static RAM 
For 
Main memory of computer, microcomputer 
microcomputer memory control 





0137-16 


developed for high density packaging. Cerdip packages 
sealed hermetically are suitable equipment requiring high re- 
liability. Plastic packages are widely applied to many kinds of 
equipment. Hitachi plastic packages have improved the reli- 
ability level as highly as that of the hermetically sealed pack- 
ages. Table 2 shows the outlines of the Hitachi packages. 


© 20-Pin @ 24-Pin 


3DDG20N 


38DDG24N 
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Reliability of Hitachi IC Memories 
@ Cerdip (continued) 


©28-Pin with Lid ©32-Pin with Lid 


3DDG28 


3DDG32 


@ Plastic DIP 
©16-Pin ©18-Pin e20-Pin e24-Pin 


3DDP16B 
3DDP18B 3DDP20N 


3DDP24A 


@ 24-Pin © 28-Pin 


3DDP24N 


3DDP28 
3DDP28N 


@ Leadless Chip Carrier 
@ 20-Pin 





3DCG20 3DCG22A 3DCG24 


m@ SOP m@ PLCC 
@ 24-Pin @ 28/32-Pin @ 18-Pin 


e 


3DFP28D 





aS 
S 3DCP18 





3DFP24D 


3DCP20D 
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2. RELIABILITY 
Results of reliability tests are listed below 


2.1 Reliability Test Data on Bipolar Memories 


The reliability test data on the bipolar memories are shown 
in Table 3 and 4. Since they are manufactured under the 


e Table 3. Results on Bipolar Memory Reliability Test (1) 
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standardized design rules and quality control, there is no dif- 
ference in reliability among the various types. And the larger 
the capacity is, the higher the reliability per bit becomes. 






HM10480-15 HM2144CG 
Test Item Total Failure : Total ; Failure 
C si Component Rate* tel eam Component ear Rate* 
onditions Conditions ples Hous ures (1/Ht) 
snes V/H__ | Ta = 125°C CH. VA 
= — 5 a? = 5 = 
(Operating) VEE 5.2V 3. rs X oF 2.7 x 10 VEE 5.2V 1.2x 10 7.7 x 10 
ncaa i 3.51 x 105 ioe 2.6x10-5 | Ta = 200°C ees 12x10 coe 7.7x 10-6 
torage 
* Confidence level 60% 
¢ Table 4. Results on Bipolar Memory Reliability Test (2) 
_—_ mae | Samples | Failure _| i 
Failure | Samples Failures 
Temperature Cycling — 55°C to + 150°C, 10 Cycle | 160 =f | 80 0 
Soldering Heat 260°C, 10 Seconds a ee a ae 
Thermal Shock 0°C to + 100°C, 10 Cycles a a ee ee ee 
Mechanical Shock 1500G, 0.5 ms, Three Times Each for X, Y and Z a ae ae ee ee ae 
Variable Frequency 100 to 200 Hz, 20G, Three Times Each for X, Y and Z a a ee oe a ae 0 
Constant-Acceleration 20000G, 1 Minute, Each for X, Y and Z ae SS Se ee ee ee 0 


2.2 Reliability Test Data on Hi-BiCMOS Memory 


Hi-BiCMOS memory is newly designed based on the latest 
fine machining technologies (2m ~ 1m), which features low 
electric consumption/high integrity by CMOS and _ high 
speed/high drivability by bipolar. This device also attains 
high speed close to ECL and low electric consumption as 
CMOS. Input and output level supports both ECL and TTL. 
Reliability test data of HM100490-15 (64k-words x 1-bit) and 


e Table 5. Results on Hi-BiCMOS Memory Reliability Test (1) 
HM100490-15 (Cerdip) 





















Cooker 


High- 
Tempera- 
ture Ta = 125°C 380 C.H. 1/H 
Pulse |Vpp = —4.5V 3.8 x 105 2.4x 10-6], 
Ta = 200°C 3.3 x 105 po fos 10 — 6| Pressure 





| IM 100490-15 (Cerdip) Test pIM788P-25(Plasticy 
Test Total Test Failures Failure Item Test Total Test Failures Failure 
Conditions Time Rate Conditions Time Rate 





HM6788P-25 (16k-words x 4-bits) are listed in Table 5 and 
Table 6. 


The above shows the sufficient reliability of high speed 
Hi-BiCMOS in the normal use with some limitations consid- 
ered from its own circuit composition. For further informa- 
tion, see each data sheet. Besides the caution points with 
CMOS and bipolar device, avoid abnormal use as in de- 
formed or slow wave form which causes malfunction and 
latch up. 







HM6788P-25 (Plastic) 
Remarks 


Ta = 125°C | yyy | CH | yet \/H 

Voc = 5.0V 4.2 x 105 4.8 x 10-6 
°o 

85°C 85% RH 2.1.x 105 4.8x 10-6 

5V 

121°C 100% RH 0.16x of of x 10-5 
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¢ Table 6. Results on Hi-BiCMOS Memory Reliability Test (2) 


- HM100490-15 (Cerdip) HM6788P-25 (Plastic) 
Test Item Test Conditions - rer 


ae ae a 


Constant Acceleration 20000G, 1 Minute Each for X, Y and Z 





2.3 Reliability Test Data on MOS Memories The life test is performed at high temperature and high volt- 

age to evaluate the reliability of products using fewer sam- 
2.3.1 Reliability Test Data on MOS DRAM and SRAM ples. All failures are caused in manufacturing process, so we 
Table 7 and Table 8 shows the reliability test data on the feedback the data into manufacturing process to improve 
representative types of 1M DRAM (HM511000/HM514256), the quality and reliability. 


256k SRAM (HM62256) 1M SRAM (HM628128FP). 
¢ Table 7. Reliability Data on 1M DRAM 















HM511000P/HMS514256P HM511000JP/HMS514256JP 
Series (DIP) Series (SOP) 
Total Fail- Sam- Total Fail- 
Test Time | ures ples | Test Time | ures 








Test 


Test Item Conditions 


Remarks 















Pressure 
Cooker 





6.00 x 104 


High. 125°C/5.5V 600x105 | 0 | 1.53x10-6 4.00x105 | 0 | 230x 10-6 
Temperature 125°C/7V 1252 | 4.50x 105 4.48x 10-6 | 3186 | 934x105 | 0 | 9.85x10-7 
Pulse Operations | isqecy7v | 200 | 400x105 | 0 | 2.30x10-6 | 200 | 4.00x 105 2.30x 10-6 | *1 
: Oxide Film 
Moisture 85°C 85% RH 5 ai 


420 1.36 x 106 | 6.74x 10-7 
° 10-5 

7 [om [ove I bea 

*Confidence level 60% | | 

¢ Table 8. Reliability Data on 256k and 1M SRAM 


HM62256FP (SOP) HM628128FP (SOP) 


Test Fail Fail 
Test Item ih allure 1 allure Remarks 
oe sere T ie ie Rate* a i Rate’ 
P Gere (1/Hr) (1/Hr) 


High- 125°C/5.5V | 3088 | 311x106 | 0 | 8.88x10-7 | 1038 | 1.04x10° | 0 | 886x10-7 

Temperature 125°C/7V 455 | 455x105 | 0 | 202x10-6 | 951 | 533x105 | 1°! | 3.79x10-6 a — 
i oreign Xx 

Pulse Operation | 15qec/7y 103 | 1.00x105 | 1*! | 202x10-5 | 80 | 1.60x 105 375x10—6 g 


Moisture 85°C/85% 5 2G 5 6! ¥ 

Bidurancs RH7V 6.80 x 10 po 1.35 x 10 2.54 x 10 3.62 x 10 2 Leak x 1 
° 

Pressure 121°C/100% | 359 | 640x104 | 1*2 | 3.16x10-5 2.70 x 104 3.41x 10-5 

Cooker R 


*Confidence level 60% 
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2.3.2 Reliablity Test Data on EPROM 











Reliability of Hitachi IC Memories 
data on the representative EPROM types 512k EPROM 








(HN27512, HN27512P), 1M EPROM  (HN27C101, 
EPROM has two types; conventional EPROM with transpar- HN27C301). 
ent window and one time programmable ROM (OTPROM) 
packaged in plastic package. Table 9 shows reliability test 
e Table 9. Reliability Data on 512k and 1M EPROM 
HIN27512 (Cerdip/Plastic) HN27C101/HN27C301 
Test Failure : Failure 
Test Item Conditions . Ra : i Fail- Pe Remarks 
Test Time (1/Hr) est Time | ures (1/Hr) 
High- 125°C/5.5V 3.72x105 | 0 | 2.47x10-6 3.24x105 | 0 | 2.84x10-6 
 ieseny 7.95 x 105 coe 1.16 x 10-6 6.54 x 105 ie 1.41 x 10-6 
peration *] 
High. 175°C 491x105 | o | 187x10-6| 150 | 7.5x105 | 0 | 1.23x10-6 eS 
Temperature 3,72 x 105 5.43 x 10-6 649x105 | 1*1 | 3.11x10-6 P 
Bake 250°C 180 } 189x105 | 7*1 | 4.44x 10-5 3.07x 105 | 40*! | 1.30x40-4 
Moisture 85°C/85% 5 5 
Sm [SF Po [ome fof [ [| — Ieee 
Pressure 121°C/100% 5 5 OTPROM 


*Confidence level 60% 


The failure shown in Table 9 is due to the data dissipation in 
memory cells. Getting thermal energy, electrons in memory 
cells are activated and go through the floating gate. !n actu- 
al usage, however, it has no problem because this phenom- 
enon depends on temperature (about 1.0 eV of activated en- 
ergy) greatly. The moisture resistance of OTPROM is also 
satisfactory. 


© Table 10. Example of HN27C101/HN27C301 Derating 


Failure Criteria Electrical Characteristics, 


Function Test 


Failure Mechanism Increase of Leak Current 
and Others 


Results: 
The result from high temperature baking of PROM 
is shown in the right figure. 


Table 10 shows the example of PROM derating. When de- 
rating, the parameter is generally only the temperature be- 
cause other operating conditions are specified. Especially to 
lower the junction temperature during mounting is important 
for stabilizing the operation relative to access time, refresh 
time and other characteristics. 


MTTF (hr) 


109/1) (CK) 


Note: Decreasing junction temperature shown in the figure will promise the higher reliability. The junction temperature can be calculated by 
a formula: Ty = Ta + Oy, °Py Oy, in about 100°C/W with no air flow and about 60 to 70°C/W with 2.5 m/s air flow. 
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2.3.3 Reliability Data on MASK ROM formation in manufacturing process, so data dissipation isn’t 
y occurred in high temperature like EPROM and EEPROM. 
Table 9 shows the reliability test data on 2M and 4M bit 


MASK ROM. MASK ROM is patterned according to ROM in- 
e Table 11. Reliability Data on 2M and 4M MASK ROM 
HN62412P (Plastic) 













HIN62404P (Plastic) 

















Test 














. Failure Failure 
Test Item Condons Total Fail- Rate* Total Rate* Remarks 
Test Time ures Test Time 


High-Temp. 
Pulse 
Operation 





0 | re1x10~¢ po fa 
Le, 7.67 x 10— 6 1.20 x 105 eae 
De ewe [o [oom Lo 


2.3.4 Reliability Data on MOS Memory (The result of VtH of MOS transistor is one of the basic process parame- 

environment test) ters in MOS memory, which has almost no change using 
surface stabilization technology and clean process. Figure 4 
shows the examples of time changes for 1M DRAM; Vpp 
min. (Vmin) and access time (trac) in high temperature pulse 
test. 





Moisture 
Endurance 


85°C/85% 
RH 5.5V 


121°C/ 
100% RH 


*Confidence level 60% 





Pressure 
Cooker 





Table 12 shows examples of each environment test data. 
They show good results without any failure even in severe 
environment. 


e Table 12. Reliability Data on MOS Memories 
HMS511000P HMS511000JP HM62256FP HM62128FP EPROM 
(DIP) (SOJ) (SOP) (SOP) (Cerdip) 
Test Item Test Conditions Remarks 
Fail- Fail- Fail- Fail- Fail- 
ures ure ure ures ures 


_ ° ° 
Temperature Cycling 10 ree re 3755 


— 55°C to 150°C 
500 Cycle 


_ £40 ° 
Thermal Shock OS CIE || vag 
15 Cycle 





Temperature Cycling 


260°C, 
Soldering Heat 10 Seconds 


Mechanical Shock | 1,500G,0.5ms | 
Variable Frequency 100 to 2,000 Hz 20G St aa 
Constani-Acceleration , 6000G = a 


*6,000G 
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2.4 Change of Electrical Characteristics on IC tual element designing, however, it is designed to operate in 
Memory the range at which no degradation happen. Therefore no 


change of characteristics including access time are ob- 
served. Time dependence in access time for HM10470 are 
shown in Figure 1. 


Q 


The degradation of Icgo and hee are the main factors of 
degradation in inner cell transistor of bipolar memory. In ac- 







Test Condition 












; Vee = —5.2V Maximum 
Failure Mechanism Surface Degradation Ta=25C : Avecice 
Results: Marching Pattern Minimum 


Access time is stabilized. 


taa (ns) 


5 
0 500 1,000 2,000 
Time (hr) 
0137-2 





Figure 1. Time Change in Access Time for Bipolar Memory 


po Example Example of Time Change in Access Time for Hi-BiCMOS Memory 
HIMIO0SB 


Test Conditions Ta = 125°C, Vez = —4.5V 
All Bit Scanning 
Failure Mechanism Surface Degradation 


Results: 
Access time is stabilized. 














Test Condition 
Vee =—4,5V 
Ta=25C : Max.mum 


Average 
Marching Pattern Minimum 











0 500 1,000 ; 


Time ‘hr! 


Figure 2. Time Change in Access Time for Hi-BiCMOS Memory 
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Po Example Examples of Time Change in Vcc Min and ta 4 for Hi-BiCMOS Memory 


Test Conditions Ta = 125°C, Veg = 5.0V 
All Bit Scanning 
Failure Mechanism Surface Degradation 


Results: 




















$-—}_}-_+ 







Veco min (V) 


Test Condition 





; - Veo =5V Maximum 
Both of Vcc (min) and ta a are stabilized. nt oy Average 
ames Minimum 





Marching Pattern 


500 1,000 
Time (hr) 








Test Condition 
Same as above 


oe 


















500 1,000 


Time (hr) 


2,000 


Figure 3. Time Change in Vcc Min and taa for Hi-BiCMOS Memory 


All Bit Scanning ° 


& 3 $—__f___$_ 
Results: 4 
Access time (ta A) is stabilized and is within the failure R 2 
erileta > Test Condition Maximum 
° Marching pattern Avesave 
ib Te=25°C Mit & 
N=200 pcs inimum 








1,000 2,000 
Time (hr) 


0 500 


110 Test Condition 
Same as above 


Note: Test Accuracy is 0.2V, 2 ns. 





0 500 1,000 2,000 


Time (hr) 


0137-5 





Figure 4. Time Change in Vpp Min and trac for MOS Memory 
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2.5 Failure Mode Rate 


Figures 5 and 6 show examples of failure more happened in 
users’ application. Since |C memories require the finest pat- 
tern process technology, the percentage of failures, such as 
pinholes, defects on photoresist and foreign materials, tends 
to increase. To eliminate the defects in the manufacturing 


Defective Insutatior, 
Laver Due to Foresgn 


Materials 
9% 


Pinholes 


Defective Photo 
lithography 


10% 


13% 


Defective 


Statistics Metalization 


for 1985~1987 
10 ~ 50FIT 2% 


Non 
reappearing 
Failures 


271% 


Destruction 


32% 


Figure 5. Failure Mode Rate of Bipolar Memory 


3. RELIABILITY OF SEMICONDUCTOR DEVICES 


3.1 Reliability Characteristics for Semiconductor 
Devices 


Hitachi semiconductor devices are designed, manufactured 
and inspected so as to achieve a high level of reliability. Ac- 
cordingly, system reliability can be improved by combining 
highly reliable components along proper environmental con- 
ditions. This section describes reliability characteristics, fail- 
ure types and their mechanisms in terms of devices. First, 
semiconductor device characteristics are examined in light 
of their reliability. 


(1) Semiconductor devices are essentially structure sensitive 
as seen in surface phenomenon. Fabricating the device 
requires precise control of a large number of process 
steps. 


(2) Device reliability is partly governed by electrode materials 
and package materials, as well as by the coordination of 
these materials with the device materials. 


(3) Devices employ thin-film and fine-processing techniques 
for metallization and bonding. Fine materials and thin film 
surfaces sometimes exhibit physically different character- 
istics from the bulks. 


(4) Semiconductor device technology advances drastically: 
Many new devices have been developed using new pro- 
cesses over a short period of time. Thus, conventional 
device reliability data cannot be used in some cases. 
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process, Hitachi has improved the process and performed 
100% burn-in screening under high temperature. Hitachi has 
been collecting and checking customers’ process-data and 
marketing data for higher reliability of our products. To ana- 
lyze them is very helpful for the improvement of designing 
and manufacturing. 


Oxide 
Film Failures 


10% 


Defective Photo- 
ography 


(7) 
Statistics 13% 


for 1985 ~1987 
10 ~ 100FIT 


Destruction 30% 


Figure 6. Failure Mode Rate of MOS Memory 


(5) Semiconductor devices are characterized by volume pro- 
duction. Therefore, variations should be an important 
consideration. 


(6) Initial and accidental failures are only considered to be 
semiconductor device failures based on the fact that 
semiconductor devices are essentially operable semiper- 
manently. However, wear failures caused by worn materi- 
als and migration should also be reviewed when elec- 
trode and package materials are not suited for particular 
environmental conditions. 


(7) Component reliability may depend on device mounting, 
conditions for use, and environment. Device reliability is 
affected by such factors as voltage, electric field 
strength, current density, temperature, humidity, gas, 
dust, mechanical stress, vibration, mechanical shock, 
and radiation magnetic field strength. 


Imtal failure region 
* Dechning failure rates (m< 1) 


Wearout failure region 
* Rising failure rates (m>1) 
Reduced failure rate 
by maintenance 
Speicfied failure rate 


m . Weobull distribution 


Random failure region 
form parameter 


: Constant failure rates (m= 1) 


a ee 


Useful longevity l 


Time (t) 


Figure 7. Typical Failure Rate Curve 
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Device reliability is generally represented by the failure 
rate. ‘Failure’ means that a device loses its function, in- 
cluding intermittent degradation as well as complete de- 
struction. 


Generally, the failure rate of electric components and 
equipment is represented by the bathtub curve shown in 
Figure 7. For semiconductor devices, the configuration 
parameter of the Weibull distribution is smaller than 1, 
which means an initial failure type. Such devices ensure 
a long lifetime unless extreme environmental stress is 
applied. Therefore, initial and accidental failures can be- 
come a problem for semiconductor devices. Semicon- 
ductor device reliability can be physically represented as 
well as statistically. Both aspects of failures have been 
thoroughly analyzed to establish a high level of reliability. 


3.2 Failure Types and Their Mechanisms 


3.2.1 Failure Physics 


Failure physics is, in a broad sense, a basic technology of 
“physics + engineering’. It is used to examine the physical 
mechanism of failures in terms of atoms and molecules to 
improve device reliability. This physical approach was intro- 
duced to the reliability field with the demand for minimized 
development cost and period, as technology rapidly devel- 
oped and system performance increased, requiring more 
complex and higher levels of reliability. These conditions de- 
rived from the development of solid state physics (semicon- 
ductor physics) after World War Il and associated device de- 
velopment. Failure physics have been employed to: 


1) Detect failed devices as soon as possible 
2) Establish models and equation used for failure prediction 
3) Evaluate reliability in short periods by accelerated life test 


The purpose of the failure physics approach is to contribute 
to reliability related fields such as product design, prediction, 
test, storage and usage by adding physics as a basic tech- 
nology to conventional experimental and statistical ap- 
proaches. 


3.2.2 Failure Types and Their Mechanism 


Device failures are physically discussed in this section. 
Semiconductor device failures are basically categorized as 
disconnection, short-circuit, deterioration and miscellaneous 
failures. These failures and their causes are summarized in 
Table 11. Typical failure mechanisms are reviewed next. 


(1) Surface Deterioration 


The pn junction has a charge density of 1014 — 1020/cm3. 
If charges exceeding the above density are accumulated on 
the pn junction surface, particularly adjacent to a depletion 
layer, electric characteristics of the junction tend to be easily 
varied. Although the surface of such devices as planar tran- 
sistors is generally covered with a SiOo film and is in an in- 
active state, the possibility of deterioration caused by sur- 
face channels still exists. Surface deterioration depends 
heavily on applied temperature and voltage and is often han- 
dled by the reaction model. 


One example of recent failures is surface deterioration 
caused by hot carriers. Hot carriers are generated when 
such devices as MOS dynamic RAMs are operated at a 


voltage near the minimum breakdown voltage BVps by rais- 
ing internal voltage and when a strong electric field is estab- 
lished near the MOS device’s drain resulting from reduced 
device geometry from 2 ym to 0.8 wm. Generated hot carri- 
ers may affect surface boundary characteristics on a part of 
the gate oxide film, resulting in degradation of threshold volt- 
age (VtH) and counter conductance (gm). Hitachi devices 
have employed improved design and process techniques to 
prevent these problems. However, as process becomes fin- 
er, surface deterioration may possibly become a serious 
problem. 


(2) Electrode-Related Failures 


Electrode-related failures have become increasingly impor- 
tant as multi-layer wiring has become more complicated. No- 
ticeable failures include electro-migration and Al wiring cor- 
rosion in plastic sealed packages. 


©® Electromigration 


This is a phenomenon in which metal atoms are moved by a 
large current of about 106 A/cm? supplied to the metal. 
When ionized atoms collide with current of about scattering 
electrons, an “electron wind” is produced. This wind moves 
the metal atoms in the opposite direction from the current 
flow, which generates voids at a negative electrode, and hil- 
lock and whiskers at an opposite one. The generated voids 
increase wiring resistance and cause excessive currents to 
flow in some areas, leading to disconnection. The generated 
whiskers may cause shortcircuits in multi-metal line. 


@ Multi-Metal Line Related Failures 

Major failures associated with multi-metal line include increased 
leak currents, shortcircuits caused by a failed dielectric interlay- 
er, and increased contact metal resistance and disconnection be- 
tween metal wirings. 


® Al Line Corrosion and Disconnection 


When Plastic encapsulated devices are subjected to high- 
temperatures, high-humidity or a bias-applied condition, Al 
electrodes in devices can cause corrosion or disconnection 
(Figure 8). Under high-temperature and high-humidity, corro- 
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Figure 8. Categorized Al Corrosion Mode 
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sions are randomly generated over the element surface. 
However, after an extended period of time, the corrosions 
have not significantly increased. Accordingly, this failure is 
possibly due to an initial failure associated with manufactur- 
ing. It is also verified that this type of failure can be generat- 
ed when the adhesion surface between an element and res- 
in is separated or when foreign materials are attached to the 
element with human saliva. Under a bias-applied, high-tem- 
perature, high-humidity condition, on the other hand, corro- 
sions are generated in higher potential areas while in lower 
potential areas, grain corrosion occurs. Once this failure oc- 
curs in part of a device, the device can become worn out in 
a relatively short time. This failure proves to depend on the 
hydroscopic volume resistivity of sealed resin. The Al line 
corrosion mechanism described above is summarized in Fig- 
ure 9. 


Moisture 

Penetration 
Moisture Penetrat- 
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Melting 
Corrosive Impurity 


Mechanism 


Chip-resin 
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Figure 9. Plastic Package Cross Section 
and Al Corrosion Mechanism 
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(3) Bonding Related Failures 
© Degradation Caused by Intermetallic Formation 


Bonding strength degradation and contact resistance in- 
crease are caused by compounds formed in connections be- 
tween Au wire and Al film or between Au film and Al Wire. 
These are the most serious problems in terms of reliability. 
The compounds are formed rapidly during bonding and are 
increased through thermal treatment. Consequently, Hitachi 
products are subjected to a lower-temperature, shorter-peri- 
od bonding whenever possible. 


@ Wire Creep 


Wire creep is wire neck destruction in an Au ball along an 
integranular system occurring when a plastic sealed device 
is subjected to a long-term thermal cycling test. This failure 
results from increased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or from an im- 
purity introducing to the intergranular system. Bonding under 
usual conditions with no loop configuration failures does not 
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cause this failure unless a severe long-term thermal cycling 
test is applied. Accordingly, wire creep is not a problem in 
actual usage. 


® Chip Crack 


With the increase in chip size associated with the increased 
number of incorporated functions, more problems have been 
occurring during assembly, such as chip cracks during bond- 
ing. Bonding methods include Au-silicon eutectic, soldering 
and Ag-paste. Soldering and Ag-paste exhibit few chip crack 
problems. For Au-silicon eutectic, in contrast, large stress is 
applied to a pellet due to its strength and high temperature 
resistance for attachment, which may result in critical chip 
defects. Today, the chip destruction limit can be determined 
by finite-element analysis and by distortion measurement us- 
ing a fine accuracy gauge. Ideally, Au-silicon eutectic should 
be evenly applied over the entire surface. However, this is 
difficult due to the existence of a silicon oxide film on the 
silicon back surface. Therefore, specifications for Au-silicon 
eutectic have been established based on stress analysis 
and thermal cycling test results. 


® Reduced Maximum Power Dissipations 


For power devices, heat fatigue due to thermal expansion 
coefficient mismatch among different materials deteriorates 
thermal resistance. This results in decreased maximum pow- 
er dissipations. 


(4) Sealing Related Failures 


Hermetic sealing packages, including metal, glass, ceramic, 
and all other types, have the possibility of the following fail- 
ures. 


1. Al line corrosion on the chip surface due to slight mois- 
ture and reaction between the different ionized materials. 


2. Intermittent moving foreign metals short 


3. Al line corrosion due to extraneous H2O caused by her- 
metic failure 


Moving foreign matter, even if it is a non-active solid, can be 
charged up within a cavity during movement, thereby induc- 
ing parasitic effects and metal shorts. The foreign matter de- 
tection method is specified by MIL-STD-883C, PIND (Particle 
Impact Noise Detection) Test. The PIND test consists of fil- 
tering a particle impact waveform (ultrasonic waveform), de- 
tecting it with a microphone, and then amplifying. 


(5) Disturbance 
©® Electrostatic Discharge Destruction 


Destruction caused by electrostatic discharge is a problem 
common to semiconductor devices. A recent report intro- 
duced three modes of this failure; the human body model, 
charged device model and field induced model. 


The human body is easily charged. A person just walking 
across a carpet can be charged up to 15000V. This voltage 
is high enough to destroy a device. An equivalent circuit of 
the human body model is shown in Figure 10. The human 
body’s capacitance Cb and resistance Rb are 100 to 200 pF 
and 1000 to 2000, respectively. Assuming a body is 
charged with 2000V, the dissipated energy is obtained as 
follows: With a time constant of 10-7 sec, the dissipated 
energy is 2 KW, which is enough to destroy a small area of 
a chip. 
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Figure 10. An Example of Moisture Resistance 
by High Temp. and High Humidity and Bias 
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Cb — Human Body Capacity 


Rb — Human Body Resistance 
Rd —- Device Resistance 
Re — Resistance Between Device and Ground 
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Figure 12. Equivalent Circuit of Human Body Model 


In the charged device model, charges are accumulated in a 
device, not a human body, and discharged through contact 
resistance during a short time. The equivalent circuit of this 
model is shown in Figure 13. Device size and device posi- 
tion relative to GND are important parameters in this model 
since the model depends on device capacity. 





Figure 13. Equivalent Circuit of Charging Model 


In the field induced model a device is left under a strong 
electric field or is affected by neighboring high voltage mate- 
rial. Since the capacitor of device or lead of device acts like 
an antenna, the following cases will possibly cause destruc- 
tion. 1) a device is incorporated into a high electric field 
such as a CRT, 2) a device is left under a high frequency 
electric field and 3) a device is moved with a container 
charged at high voltage, such as a tube. 


@® Latch Up 


Latch up is a problem unique to CMOS devices. This prob- 
lem is a thyristor phenomenon caused by a parasitic PNP or 
NPN transistor formed in the CMOS configuration. Latch up 
occurs when an accidental surge voltage exceeding a maxi- 
mum rating, a power supply ripple, an unregulated power 
supply and noise is applied, or when a device is operated 
from two sources having different set-up voltages. These 
cases can cause input or output current to flow in the oppo- 
site direction from usual flow, which triggers parasitic thyri- 
stors. This results in excessive current flowing between a 
power supply and ground. This phenomenon continues uniil 
the power is off or the flowing current is forced to be re- 
duced to a certain level. Once latch up occurs in an operat- 
ing device, the device will be destroyed. 
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Much effort should be made in designing circuits to prevent 
latch up. Latch up triggering input or output currents start to 
flow under the following conditions. 


Vin < Voc or Vin < GND for input level 
Vout > Voc or Vout < GND for input level 


Therefore, circuits should be designed so that no forward 
current flows through the input protection diodes or output 
parasitic diodes. 


® Soft Errors 


When a particles are generated from uranium or thorium in 
a package the silicon surface of an LSI chip, electron-hole 
pairs are formed which act as noise to data lines and other 
floating nodes, causing temporary soft errors. This phenom- 
enon is shown in Figure 14. Only electrons from among the 
electron-hole pairs are only collected to a memory cell. As a 
result, the cell changes from a state of 1 to 0, which is a 
soft error. 


Hitachi devices have been subjected to simulation and irradi- 
ation tests to prevent soft errors. In some cases, organic 
material, PIQ, is applied to the surface of the device. Figure 14. Soft Error Caused by 

a Particles in Dynamic Memory 





e Table 13. Failure Causes and Mechanism 


Failure Related Causes Failure Mechanisms Failure Modes 







































Passivation Surface Oxide Film, Pin Hole, Crack, Uneven Withstanding Voltage 
Insulating Film between Wires Thickness, Contamination, Reduced, Short, Leak 
Surface Inversion, Current Increased, 
Hot Carrier Injected hrR Degraded, Threshold 
Voltage Variation, Noise 
Metallization Interconnection, Flaw, Void, Mechanical Damage, Open, Short, Resistance Increased 
Contact, Through Hole Break Due to Uneven Surface, 
Non-ohmic Contact, Insufficient 
Adhesion Strength, 
Improper Thickness, 
Electromigration, Corrosion 
Connection Wire Bonding, Ball Bonding Bonding Runout, Open, Short 
Compounds between Metals, Resistance Increased 
Bonding Position Mismatch, 
Bonding Damaged 
Wire Lead Disconnection, Sagging, Short Open, Short 
Diffusion, Junction Junction Diffusion, Isolation Crystal Defect, Withstanding Voltage 
Crystallized Impurity, Reduced, Short 
Photo Resist Mismatching 
Die Bonding Connection between Die Peeling Chip, Crack Open, Short, Unstable 
and Package Operation, Thermal 
Resistance Increased 
Package Sealing Packaging, Hermetic Seal, Integrity, Moisture Ingress, Short, Leak Current 


Lead Plating, Hermetic Package and Impurity Gas, High Temperature, Increased, Open, Corrosion 
Plastic Package, Filler Gas Surface Contamination, Lead Disconnection, Soldering Failure 
Rust, Lead Bend, Break 


Foreign Matter Foreign Matter in Package Dirt, Conducting Foreign Short, Leak Current Increased 
Matter, Organic Carbide 
Input/Output Pin Electrostatistics, Electron Destroyed Short, Open, Fusing 
Excessive Voltage, Surge 


Disturbance Electron Hole Generated Soft Error 
High Electric Field Leak Current Increased 
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(6) Fine Geometry Related Problems However power supply has not been scaled down used for 


In response to higher integration requirements for memories 
and microcomputers, LS! geometry has been reduced in the 
way of 3 um —> 2 pm — 1.3 pm — 0.8 pm. 


e Table 14. Finer Geometry Related Problems 


SV Single Supply Voltage ¢ Breakdown Voltage of Gate Oxide Films 
© SiO, Defects 


Horizontal Dimension Reduction e Soft Errors by a Particles 
© Al Reliability Reduced 


¢ CMOS Latch Up 
© Mask Alignment Margin Reduced 
© Hot Carriers 


Vertical and Horizontal © Higher Breakdown Voltage Not Permitted 
Dimension Reduction ¢ Electrostatic Discharge Resistance Reduced 
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5V, only line dimensions have been fined increasingly. Prob- 
lems associated with finer geometry are shown in Table 14. 


Countermeasure 


Oxide Film Formation Process Improved 
© Cleaning 

© Gettering 

© Screening 


Surface Passivation Film Improved 
© Metallization Improved 

© Design/Layout Improved 

© Process Improved 


Use of Low Voltage Examined 
© Configuration Improved 
© Protection Circuits Enhanced 
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1. VIEWS ON QUALITY AND RELIABILITY 


Hitachi basic views on quality are to meet individual users’ 
purpose and their required quality level and also to maintain 
the satisfied level for general application. Hitachi has made 
efforts to assure the standardized reliability of our IC memo- 
ries in actual usage. To meet users’ requests and to cover 
expanding application, Hitachi performs the following: 


(1) Establish the reliability in design at the stage of new 
product development. 


(2) Establish the quality at all steps in manufacturing pro- 
cess. 


(3) Intensify the inspection and the assurance of reliability of 
products. 


(4) Improve the product quality based on marketing data. 


Furthermore, to get higher quality and reliability, we cooper- 
ate with our research laboratories. 


With the views and methods mentioned above, Hitachi 
makes the best efforts to meet the users’ requirements. 


2. RELIABILITY DESIGN OF SEMICONDUCTOR 
DEVICES 


2.1 Reliability Target 


Establishment of reliability target is important in manufactur- 
ing and marketing as well as function and price. It is not 
practical to determine the reliability target based on the fail- 
ure rate under single common test condition. So, the reliabil- 
ity target is determined based on many factors such as each 
characteristics of equipment, reliability target of system, de- 
rating applied in design, operating condition and mainte- 
nance. 


2.2 Reliability Design 


Timely study and execution are essential to achieve the reli- 
ability based on reliability targets. The main items are the 
design standardization, device design including process and 
structural design, design review and reliability test. 


(1) Design Standardization 


Design standardization needs establishing design rules 
and standardizing parts, material, and process. When de- 
sign rules are established on circuit, cell, and layout de- 
sign, critical items about quality and reliability should be 
examined. Therefore, in using standardized process or 
material, even newly developed products would have 
high reliability, with the exception of special requirement 
on function. 


(2) Device Design 


It is important for device design to consider total balance 
of process design, structure design, circuit and layout de- 
sign. Especially in case of applying new process or new 
material, we study the technology prior to development 
of the device in detail. 


(3) Reliability Test by Test Site 


Test site is sometimes called Test Pattern. It is useful 
method for evaluating reliability of designing and pro- 
cessing ICs with complicated functions. 


1. Purposes of Test Site are as follows: 
¢ Making clear about fundamental failure mode. 


e Analysis of relation between failure mode and manufac- 
turing process condition. 


e Analysis of failure mechanism. 
e Establishment of QC point in manufacturing. 
2. Effects of evaluation by Test Site are as follows: 


e Common fundamental failure mode and failure mecha- 
nism in devices can be evaluated. 


¢ Factors dominating failure mode can be picked up, and 
compared with the process having been experienced in 
field. 


e Able to analyze relation between failure causes and 
manufacturing factors. 


e Easy to run tests. 


2.3 Design Review 


Design review is a method to confirm systematically whether 
or not design satisfies the performance required including by 
users, follows the specified ways, and whether or not the 
technical items accumulated in test data and application 
data are effectively applied. 


In addition, from the standpoint of competition with other 
products, the major purpose of design review is to insure 
quality and reliability of the product. In Hitachi, design review 
is performed in designing new products and also in changing 
products. 


The followings are the itmes to consider at design review. 


(1) Describe the products based on specified design docu- 
ments. 


(2) Considering the documents from the standpoint of each 
participant, plan and execute the sub-program such as 
calculation, experiments and investigation if unclear mat- 
ter is found. 


(3) Determine the contents and methods of reliability test 
based on design document and drawing. 


(4) Check process ability of manufacturing line to achieve 
design goal. 


(5) Arrange the preparation for production. 


(6) Plan and execute the sub-programs of design changes 
proposed by individual specialists, for tests, experiments 
and calculation to confirm the design change. 


(7) Refer to the past failure experiences with similar devices, 
confirm the prevention against them, and plan and exe- 
cute the test program for confirmation of them. 


In Hitachi, these study and decision at design review are 
made using the individual check lists according to its ob- 
jects. 
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3. QUALITY ASSURANCE SYSTEM OF 3.2 Qualification 
SEMICONDUCTOR DEVICES To assure the quality and reliability, the qualification tests 
3.1 Activity of Quality Assurance are done at each stage of trial production and mass produc- 


tion based on the reliability design described in Section 2. 
The following items are the general views of overall quality ; ee nA ee 
assurance in Hitachi: The following are the views on qualification in Hitachi: 
(1) From the standpoint of customers, qualify the products 


(1) Problems are solved in each process so that even the objectively by a third party. 


potential failure factors will be removed at final stage of 


production. (2) Consider the failure experiences and data from custom- 
(2) Feedback of information is made to insure satisfied level wie 

of process ability. (3) Qualify every change in design and work. 
As the result, we assure the reliability. (4) Qualify intensively on parts and materials and process. 


(5) Considering the process ability and factor of manufactur- 
ing fluctuation, establish the control points in mass pro- 
duction. 


/ 


Considering the views mentioned above, qualification shown 
in Figure 1 is done. 


Step Contents 


Target 

Specification Design Review 

Design Characteristics of Material and 
Production Approval 


Appearance Characteristics and 


ae pce aac Reliability of Materials 


Mechanical and Parts 
Electrical 
Others 


eR Electrical Confi : tT 
Characteristics Approval Chepartenwimks onfirmation of Target 


Function Spec. Mainly about 


Voltage Electrical 
Current 


Temperature Characteristics 
Others 
Appearance, Dimension 


Reliability Test 
Life Test Confirmation of Quality 
Thermal Stress and Reliability in Design 
Moisture Resistance 
Mechanical Stress 
Others 


Quality Approval (1) 


Quality Approval (2) Reliability Test Confirmation of Quality 


Process Check same as and Reliability in Mass 


Quality Approval (1) Production 


Production 





Figure 1. Flow Chart of Qualification 
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3.3 Quality and Reliability Control in Mass 
Production 


To assure quality in mass production, quality is controlled 
functionally by each department, mainly by manufacturing 
department and quality assurance department. The total 
function flow is shown in Figure 2. 


Process 


Material, Parts 


Material, 


Quality Control 


Quality Assurance of IC Memory 


3.3.1 Quality Control on Parts and Materials 


With the tendency toward higher performance and higher re- 
liability of devices, quality control of parts and materials be- 
comes more important. The terms such as crystal, lead 
frame, fine wire for wire bonding, package and materials re- 
quired in manufacturing process like mask pattern and 
chemicals, are all subject to inspection and control. 


Method 





Parts Inspection on Material and 


---- 
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Material and Parts 
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Figure 2. Flow Chart of Quality Control in Manufacturing Process 
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Besides qualification of parts and materials stated in 3.2, 
quality control of parts and materials is defined in incoming 
inspection. Incoming inspection is performed based on its 
purchase specification, drawing and mainly sampling test 
based on MIL-STD-105D. 


The other activities for quality assurance are as follows: 


(1) Technology Meeting with Vendors 


(2) Approval and Guidance of Vendors 


(3) Analysis and tests of physical chemistry 


The typical check points of parts and materials are shown in 


Table 1. 


e Table 1. Quality Control Check Points of Parts and 











Material (example) 


Material Important : 
Parts Point for Check 
Appearance Damage and Contamina- 
tion on Surface 
Wafer Dimension Flatness 
Sheet Resistance Resistance 
Defect Density Defect Numbers 
Crystal Axis 
Appearance Defect Numbers, Scratch 
Dimension Dimension Level 
Mask 
Resistoration 
Gradation Uniformity of Gradation 
Appearance Contamination, Scratch, 
Fine ; 
; Bend, Twist 
Wire for : 
Wire Dimension 
Bonding Purity . Purity Level 
Elongation Ratio Mechanical Strength 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Processing 
Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 
Characteristics 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
Mechanical Mechanical Strength 
Strength 
Composition Characteristics of 
Plastic Material 
Eiectricai 
Characteristics 
; Thermal 
Plastic Characteristics 
Molding Molding Performance 
Performance 
Mounting Mounting Characteristics 
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Characteristics 


3.3.2 Inner Process Quality Control 


To control inner process quality is very significant for quality 
assurance of devices. The quality control of products in ev- 
ery stage of production is explained below. Figure 3 shows 
inner process quality control. 


(1) Quality Control of Products in Every Stage of Production 


Potential failure factors of devices should be removed in 
manufacturing process. Therefore, check points are set 
up in each process so as not to move the products with 
failure factors to the next process. Especially, for high re- 
liability devices, manufacturing lines are rigidly selected 
in order to control the quality in process. Additionally we 
perform rigid check per process or per lot, 100% inspec- 
tion in proper processes so as to remove failure factors 
caused by manufacturing fluctuation, and screenings de- 
pending on high temperature aging or temperature cy- 
cling. Contents of controlling quality under processing 
are as follows: 


¢ Control of conditions of equipment and workers and 
sampling test of uncompleted products. 


e Proposal and execution of working improvement. 
e Education of workers 
¢ Maintenance and improvement of yield 


¢ Picking up of quality problems and execution of coun- 
termeasures toward them. 


¢ Communication of quality information. 


(2) Quality Control of Manufacturing Facilities and Measuring 
Equipment 


Manufacturing facilities have been developed with the 
need of higher devices in performance and the automat- 
ed production. It is also important to determine quality 
and reliability. 


In Hitachi, automated manufacturing is promoted to avoid 
manufacturing fluctuation, and the operation of high per- 
formance equipment is controlled to function properly. 


As for maintenance inspection for quality control, daily 
and periodically inspections are performed based on 
specification on every check point. 


As for adjustment and maintenance of measuring equip- 
ment, the past data and specifications are clearly 
checked to keep and improve quality. . 


(3) Quality Control of Manufacturing Circumstances and Sub- 
material. 


Quality and reliability of devices are affected especially 
by manufacturing process. Therefore, we thoroughly con- 
trol the manufacturing circumstances such as tempera- 
ture, humidity, dust, and the sub-materials like gas or 
pure water used in manufacturing process. 


Dust control is essential to realize higher integration and 
higher reliability of devices. To maintain and improve the 
clearness of manufacturing site, we take care of build- 
ings, facilities, air-conditioning system, materials, clothes 
and works. Moreover, we periodically check on floating 
dust in the air, fallen dust or dirtiness on floor. 
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Process 


Purchase of Material 


Surface Oxidation 
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Photo Resist 


Inspection on Photo Resist 
© PQC Level Check 


Diffusion 


Inspection on Diffusion 


© PQC Level Check 


Evaporation 
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Assembling 
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(Vrn, etc) Cleaness of surface, 
Prior Check of Vin 
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Figure 3. Example of Inner Process Quality Control 
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Quality Assurance of IC Memory 


3.3.3 Final Tests and Reliability Assurance 
(1) Final Tests 


Lot inspection is done by quality assurance department 
for the product passed in 100% test in final manufactur- 
ing process. Though 100% of passed products is expect- 
ed, sampling inspection is subjected to prevent mixture 


of failed products by mistake. 


Claim 


The inspection is executed not only to confirm that the 
products meet users’ requirement, but to consider poten- 
tial factors. Our lot inspection is based on MIL-STD- 
105D. 


(2) Reliability Assurance Tests 


To assure reliability, the reliability tests are performed pe- 
riodically, and performed on each manufacturing lot if 
user requires. 


Failures, Information) 


Sales Dept. 
Sales Engineering Dept. 


Quality Assurance Dept. 


Failure Analysis 


Countermeasure 
Manufacturing Dept. Design Dept. Execution of 
Countermeasure 


Quality Assurance Dept. ; 


Sales Engineering Dept. 


Reply 


Customer 


Follow-up and Confirmation 
of Countermeasure Execution 





Figure 4. Process Flow Chart of Coping with Failure to a Customer 
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M@ OUTLINE OF TESTING METHOD 


1. INSPECTION METHOD 


Compared to conventional core memories, IC memories 
contain all peripheral circuits, such as the decoder circuit, 
write circuit and read circuit. As a result, assembly and elec- 
trical inspection of ICs are all performed by IC manufactur- 
ers. Consequently, as the electrical inspection of IC memo- 
ries are becoming more systematic, conventional IC inspec- 
tion facilities are becoming useless. This has led to the de- 
velopment and introduction of a memory tester with pattern 
generator to generate the inspection pattern of the memory 
IC at high speed. A function test for such as TTL gates can 
be performed even by a simple DC parameter facility. How- 
ever, when the address input becomes multiplexed as in 
16k, 64k and 256k memory, even the generation of the func- 
tion test pattern becomes a serious problem. 


In the memory IC inspection, its quality cannot be judged by 
DC test on external pins only, because the number of the 
element such as transistor which can be judged in the DC 
test is only 1/1000 of all elements. The following are the ad- 
dress patterns proposed to inspect whether the internal cir- 
cuits are functioning correctly. 


(1) All “Low”, All “High” 
(2) Checker Flag 

(3) Stripe Pattern 

(4) Marching Pattern 

(5) Galloping 

(6) Waling 

(7) Ping-Pong 


Those are not all, but only representative ones. There are 
the pattern to check the mutual interference of bits and the 
pattern for the maximum power dissipation. Among the 
above mentioned patterns, those of (1) to (4) are called N 
pattern, which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those of (5) to 
(7) are called N2 pattern, which need several times of N2 
patterns to check one sequence of N bit IC memory. Serious 
problem arises in using N2 pattern in a large-capacity memo- 
ry. For example, inspection of 16k memory with galloping 
pattern takes a lot of time = about 30 minutes. (1), (2) and 
(3) are rather simple and good methods, however, they are 
not perfect to find any failure in decoder circuits. Marching is 
the most simple and necessary pattern to check the function 
of IC memories. 


2. MARCHING PATTERN 


The marching pattern, as its name indicates, is a pattern in 
which “‘1”s march into all bits of ‘O”’s. For example, a sim- 
ple addressing of 16-bit memory is described below. 


(1) Clear alii: ceed eke eee et hea Swen See Fig. 1 (a) 


(2) Read “0” from Oth address and check that the read data 
is “0”. Hereafter, ‘Read’? means “checking and judging 
data” 


(3) Write “1” on Oth address ................ See Fig. 1 (b) 

(4) Read “0” from 1st address. 

(5) Write “1” on 1st address. 

(6) Read “0” from nth address. 

(7) Write “1” on nth address ................ See Fig. 1 (c) 

(8) Repeat (6) to (7) to the last address. Finally, all data will 
be 1”. 

(9) After all data become “1”, repeat from (2) to (8) replac- 
ing ca 6 let and ao eae 

In this method, 5N address patterns are necessary for the 

N-bit memory. 





Figure 1. Addressing method for 16-bit 
memory in the Marching pattern 
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m@ APPLICATION 


1. VIDEO RAM 


1.1. Multiport Video RAM 


Figure 1-1 shows general idea of video RAM. Multiport video 
RAM provides an internal data register (SAM) with the mem- 
ory (RAM). Both of them can be accessed asynchronously. 


Effective graphic display memory is realized by using the 
random port of the RAM part for graphic processor drawing 
and the serial port of the SAM part for CRT display. 


DRAM 
Random port memorv cell 


k———,) Sertal port 


g 
2 
oe 
2 
q 
a 


Drawing Display 


Add Multi-port 
re Video RAM 
Graphic 
Processor 


Figure 1-1. General Idea of Multi-Port Video RAM 





Figure 1-2 shows the block diagram of the 256-kbit multiport 
video RAM HM53461, and Table 1-1 shows the operation 
modes of the HM53461. 


Data register 


Temporary 
wnte mask 
register 





Figure 1-2. Block Diagram of HM53461 
The operation modes shown in Table 1-1 are described as follows. 


¢ Table 1-1. Operation Modes of HM53461 


At the Falling Edge of RAS SAM Modes 
: 
os 
oa 


H: High L: Low X: Don’t Care 
Notes: 1. Transfer cycle executed previously defines SI/O direction. 
2. SI/O is in high impedance state with SOE high, even if the direction is Soy. 
3. The HM53461 starts write operation if WE is low at the falling edge of CAS or become low between the falling edge of 
CAS and the rising edge of RAS. 
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Read/Write Operation: Read/write is performed on the 
random port in the same sequence as for a dynamic RAM 
(Figure 1-3). The HM53461 starts the read operation with 
WE high and the write operation at the falling edge of WE. 


Column I/O 


write mask 
register 


1/01—1/04 


Figure 1-3. Read/Write Operation 


Temporary Write Mask Set and Temporary Masked 
Write Operation: The HM53461 provides temporary 
masked write operation which inhibits to write data bit-by-bit 
(write mask) during one RAS cycle. Temporary write mask 
set function defines the bits to be inhibited (Figure 1-4). This 
operation puts the data on 1/O,-—1/O, into the internal tem- 
porary write mask register. When 0 is programmed to the 
register, writing to the corresponding bit is inhibited. 


The temporary write mask register is reset at the rising edge 
of RAS. 


emporary 
write mask 
register 


1/01-—-1/04 


Figure 1-4. Temporary Masked Write Operation 








Application 


Read Transfer Operation: In this cycle, the HM53461 
transfers the data of one row in RAM (1024 bits), which ad- 
dress is specified at the falling edge of RAS, to SAM (Figure 
1-5). The start address in SAM can be programmed at the 
falling edge of CAS in this cycle. After data transfer, the seri- 
al port turns to serial read mode at the rising edge of 
DT/OE. 


a 


SAM start address 


> SI/01-SI/04 


Column decoder 


Column 1/0 


Figure 1-5. Read Transfer Operation 


Write Transfer Operation: In this cycle, the HM53461 
transfers the data in the SAM data register (1024-bits) to 
one row in RAM, which address is specified at the falling 
edge of RAS (Figure 1-6). The start address in SAM can be 
programmed in this cycle. After data transfer, serial port 
turns to serial write mode. 


SAM start address 


.) SI/01-SI/04 


3 
4 
E 
3 
S) 


Column 1/0 
Data register 


Figure 1-6. Write Transfer Operation 
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Pseudo Transfer Operation: This operation switches the 
serial port to serial write mode (Figure 1-7). It does not per- 
form data transfer between RAM and SAM. Sam start ad- 
dress can be programmed in this cycle. 


SAM start address 


K _) SI/01—S1/04 


Column decoder 
Column I/O 


Figure 1-7. Pseudo Transfer Operation 


CAS Before RAS Refresh Operation: The HM53461 per- 
forms refresh by using the internal address counter in this 
operation (Figure 1-8). 


Column decoder 
Column I/O 


Figure 1-8. CAS Before RAS Refresh 


Temporary 
write mask 
register 








Serial Read/Write Operation: The HM53461 reads/writes 
the contents of the SAM data register in serial at the rising 
edge of SC (serial clock input) (Figure 1-9). The address for 
serial access is generated by the internal address pointer, 
independently of random port operation. It should be consid- 
ered that serial access is restricted in transfer cycles. The 
SAM, employing static-type data registers, requires no re- 
fresh. 


K—» S1/01—SI/04 


Column I/O 
Data register 





Figure 1-9. Serial Read/Write Operation 


The HM53462 is a multiport video RAM, adding logic opera- 
tion capability to the advantages of HM53461. 


Figure 1-10 shows the block diagram. Table 1-2 describes 
the operation modes. 





Figure 1-10. Block Diagram of HM53462 
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Application 
e Table 1-2. Operation Modes of HM53462 


At the Falling Edge of RAS 
CAS DT/OE 
H 


SAM Modes 


——— RAM Modes —7 
SOE SI/O Direction Notes 


Logic Operation Program 
(CBR Refresh) Sin/Sout 1,2 





a eo 
eee 
(72) 





H: High L: Low X: Don’t Care 
Notes: 1. Transfer cycle previously executed defines SI/O direction. 


2. SI/O is in high impedance with SOE high, even if SI/O direction is Sout. 
3. HM53462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the rising 


edge of RAS. 


Logic Operation Programming: This function programs a 
logic operation (Figure 1-11). The logic operation is available 
uintil re-programmed or reset. In logic operation mode, 
HM53462 performs read-modify-write internally when data is 
written into random port. The result of the logic operation 
between memory data and written data is put into the ad- 
dress from which the memory data is transferred. 


In the logic operation programming cycle, the mask register, 
which differs from the temporary mask register, is also pro- 
grammed. It is available until reprogrammed. 


pooccc eee 
ee 


g te 
$ : 
a = 

Sj y 
& 

Vv E 3 
3 a 
QO 


1/01—1/04 
(dotted hhnes indicate write in logic operation mode ) 





Figure 1-11. Logic Operation Programming 


Notes: Notes on using HM53461/HM53462 are as follows: 


¢ Dummy RAS Cycle. Devices should be initialized by 8 
dummy RAS cycles (minimum) before access to random 
port. Refresh cycle can be inserted for initialization. It is 
recommended that the system be initialized by dummy 
RAS cycle in the automatic reset time of the processor. 


e¢ Bypass Capacitor. One bypass capacitor should be insert- 
ed between Vcc and Vss to each device. The Vcc pin 
should be connected to the capacitor by the shortest path. 
A capacitor of several uF is suitable. 


e Negative Voltage Input. Negative polarity input level to in- 
put pin or I/O pin should be under —1V. In this range, it 
has no effect on device characteristics or RAM/SAM data 
retention. 


e Initialization of logic operation mode (HM53462). The logic 
operation programming cycle should be executed before 
access to the random port to initialize logic operation 
mode after power on. At this point, the operation codes 
(0101) and all 1 write mask data are recommended. 


1.2 Line Memory 


Hitachi has produced a line memory for line buffers with sim- 
ple circuits, providing specific functions as described below. 


The line buffer can improve picture quality by storing 1 hori- 
zontal line data. It has following features. 


¢ Capacity to store 1 horizontal line data 


e High-speed operation matching the sampling speed of PAL 
TV signal (4 fsc/8 fsc) or NTSC TV signal (4 fsc/8 fsc). 


¢ Separate data inputs/outputs and capability of serial data 
inputs and outputs. 


The conventional line buffer composed of high speed static 
RAMs requires separate input/output for double buffer orga- 
nization. It also requires interleaving for high speed opera- 
tion, matching 4 fsc/8 fsc, where fsc is the subcarrier fre- 
quency. In addition, external circuits are needed for serial 
address scan. 
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The line memory provides all of these functions. Figure 1-12 
shows the standard ogranization of a conventional memory 
buffer and Figure 1-13 shows the block diagram of line 
memory. 


Line Buffer 


Interleaving 


Figure 1-12. Standard Organization of 
Conventional Line Buffer 





Figurer 1-13. Block Diagram of Line Memory 





The Hitachi HM63021 is a 2048-word x 8-bit line memory 
storing 2 horizontal lines of data. 


It has five different modes for various video graphic system 
applications. It realizes high speed operations for PAL and 
NTSC TV signals, and dissipates little power employing 
1.3 um CMOS technology and static-type memory cells. 


The features of the HM63021 are described as follows: 


e Five modes for various video graphic system applications 
— Delay line mode 
—Alternate 1H/2H delay mode 
—TBC (Time-Base Corrector) mode 
—Double speed conversion mode 
—Time-base compression/expansion mode 


High speed cycle time 

—HM63021-34: 34 ns min (corresponds to 8 fsc of NTSC 
TV signal) 

—HM63021-28: 28 ns min (corresponds to 8 fsc of PAL 
TV signal). 


Line memory in the system using digital signal processing 
technologies offers following applications: 


. comb filter 

. double-speed conversion (non-interface) 

. compression/expansion of graphics (picture-in-picture) 
. dropout canceller 

. time-base corrector 

. Noise reducer 


oarh an — 
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2. DYNAMIC RAM 


2.1 Dynamic RAM Memory Call 


The dynamic RAM memory cell consists of 1 MOS transistor 
and 1 capacitor, as shown in Figure 2-1. It detects the data 
in the cell (1 or 0) by the charge stored in capacitor. Dynam- 
ic RAM offers higher density than that of static RAM be- 
cause of fewer components per chip. 


However, Dynamic RAM must rewrite data, called refresh, in 
a defined cycle because the charge stored in the capacitor 
leaks. 





Figure 2-1. Memory Cell of Dynamic RAM 


2.2 Power On Procedure 


After turning on power, to set the internal memory circuitry, 
hold for more than 100 ys, then apply eight or more dummy 
cycles before operation. The dummy cycle may be either a 


Address Inputs 
Column Address Strobe 
Data In 

Data Out 

Row Address Strobe 
Read/Write Input 
Power (+ 5V) 

Ground 

Refresh Address Inputs 


(a) Pin Arrangement 


Application 


normal read/write cycle or a refresh cycle. When using an 
internal refresh counter, eight or more CAS before RAS re- 
fresh cycles are required as dummy cycles. 


2.3 Address Multiplexing 


Dynamic RAMs are used to increase capacity because of 
their smaller cell area. In using dynamic RAMs in systems, 
however, it is desirable to increase the memory density by 
using smaller packages. To reduce the number of pins and 
the package size, address multiplexing is used. 


Using a 1-Mbit dynamic RAM, 20-address signals are neces- 
sary to select one of 1,048,576 memory cells. Address multi- 
plexing allows address signals to be applied to each address 
pin. Thus only 10-address input pins are required to select 
one of 1,048,576 addresses. Multiplexed address inputs are 
latched as follows: RAS (Row Address Strobe) selects one 
of word lines according to the row address signal, and one 
of column decoders is selected by CAS (column address 
strobe) following column address signal. Although two extra 
signals, RAS and CAS, are required, the number of address 
pins is reduced to half. Figure 2-2 shows the pin arrange- 
ment, address latch waveform, and the block diagram of ad- 
dress-multiplexed 1-Mbit dynamic RAM. Systems need an 
address multiplexer in order to latch the multiplexed address 
signals into the device. 


(b) Address Latch 


External ae oon a Internal memory LSI 


Cireuit 


Multiplexed : 
Address | 


RAS Row 


Address 


Circunt 


Column address 


(c) Block diagram of Address Multplexing 





Figure 2-2. Address Multiplexing of Dynamic RAMs 
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2.4 Dynamic RAM Function 


(a) Read Cycle 


igh 


(Early Write) 


0140-35 


Random Read or Write Cycle Time 
RAS to CAS Delay Time 

Access Time from RAS 

Access Time from CAS 

Row Address 

Column Address 


CL LLLLETLELLLLLLL LLL 


(Delayed Write) 


(b) Write Cycle 


AS MYL LLL LL 


High Z ee) 


(c) Read-Modify-Write Cycle nae? 


trwc: Read-Write Cycle Time 





Figure 2-3. Normal Function of Dynamic RAM 


Read Cycle: In the read cycle, a row address is latched at 
the falling edge of RAS, and a column address is latched at 
the falling edge of CAS after the RAS falling edge. If WE is 
high, the data is read out from Doyt with the access time of 
tcac (Access time from CAS) or trac (Access time from 
RAS). 


The trcp maximum (RAS to CAS delay time) is specified 
only to guarantee the specified minimum values of other tim- 
ings such as the cycle time, RAS/CAS pulse width. There- 
fore, when using these timings with more than the specified 
minimum value, there is no need to limit the tacp to the 
specified maximum value. 


Write Cycle: Dynamic RAM provides two write cycle modes: 
early write cycle and delayed write cycle. In the early write 
cycle, when WE is low, data is written into Dj, at the falling 
edge of CAS. In delayed write cycle, when WE is high, data 
is written into D,, at the falling edge of WE after CAS falling. 


Read-Modify-Write Cycle: The read-modify-write cycle is 
initiated by taking WE high. Data is read out from Dout at the 
falling edge of CAS with WE high. Then, when WE goes low, 
data is written into the same address from Dj, in the same 
cycle. 


The cycle time in the read-modify-write mode (tRwc) is long- 
er than the cycle time in read/write mode (tro). 
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2.5 High Speed Access Mode 


Dynamic RAM access time is typically longer than that of 
static RAMs. To realize higher speed operation, they have 
high speed access modes. 


The read operation in dynamic RAM is performed as follows: 


When a word line is selected by row address, all data in the 
memory cells connected to the selected word line is trans- 
ferred to sense amplifiers. One of these sense amplifiers is 
selected by the column address, and its contents are output. 


The output of data from other sense amplifiers is controlled 
only by the column address. 


Access controlled only by column address with the row ad- 
dress fixed is called high speed access mode. Table 2-1 
compares each mode. 


Page Mode: This is the most typical access mode in dynam- 
ic RAM. The column address is switched synchronized with 
CAS falling. 


Application 


Nibble Mode: In a nibble mode dynamic RAM, data from 4 
sequential addresses is stored in the 4-bit output latch cir- 
cuits. Output is provided by the CAS signal, which controls 
the latch circuits. 


When 4 addresses are accessed sequentially, the row ad- 
dresses on and after second bit need not be selected. 
Therefore, it facilitates the timing design. In nibble mode, the 
operation is limited to 4 addresses, however, it enables fast- 
er access (tyac) than that in page mode. 


Static Column Mode: In static column mode, the column 
address is switched without the synchronized signal by high- 
speed static RAM technology in the peripheral circuits. 


High Speed Page Mode: This mode is the advanced mode 
of static column mode, with CAS providing the address latch 
function. 


¢ Table 2-1. Comparison of Dynamic RAM High Speed Access Modes 


RAS 
Normal Mode ons 
Address 


Dout 


RAS 






Page Mode ene 
Address 


5 cemeegi: LLILLLLG 
X1 


Dout 


RAS 


Nibble Mode CAS 





R: Row Address 
C: Column Address 







0140-39 


ee ee 


Address (© WLLL LLL LLL LLL 
Se 


Dout 


RAS 
Static Column Mode cs 
Address 


Dout 


RAS 


High-Speed Page Mode CAS 
Address 


Dout 








0140-41 


0140-42 
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26 Refresh CAS Before RAS Refresh: This mode refreshes by the 

be CAS falling edge before RAS in the period defined by the 
Refresh operation is performed by accessing every word line internal refresh address generator. This mode simplifies the 
within the specified time (refresh cycle). Table 2-2 compares external address multiplexer. 


the following refresh modes in dynamic RAM. : poeeer emia 
th ee Hidden Refresh: In hidden refresh, CAS before RAS refresh 
RAS Only Refresh: In RAS only refresh mode, refresh can is performed while output data is valid. 


be completed by selecting only row addresses synchronized 
with RAS. 


¢ Table 2-2. Comparison of Dynamic RAM Refresh Modes 


RAS 
CAS 
Address 


Dou ————_-—<__>— 


Read 





0140-43 


RAS 


RAS Only Refresh CAS 
Address CLL LL hh, 


Dout 





0140-44 


RAS \ / 
CAS Before RAS Refresh OMS NS 
Address 


Dout 
0140-45 


~a-———~ Read Cycle a «-——_—-Refresh Cycle ie 


Hidden Refresh 





0140-46 


V/77: Don’t care 


0140-47 
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3. INSTRUCTIONS FOR USING MEMORY DEVICES 


3.1 Prevention of Electrostatic Discharge 


As semiconductor memory designs are based on a very fine 
pattern, they can be subject to malfunction or defects 
caused by static electricity. Though the built-in protection cir- 
cuits assure unaffected reliability in normal use, devices 
should be handled according to the following instructions. 


1. In transporting and storing memory devices, put them in 
conductive magazine or put all pins of each device into a 
conductive mat so that they are kept at the same poten- 
tial. Manufacturers should give enough consideration to 
packing when shipping their products. 


2. When devices touch a human body in mounting or inspec- 
tion, the handier must be grounded. Do not forget to in- 
sert a resistor (1 MQ approx. is desirable) in series to pro- 
tect the handles from electrical shock. 


3. Keep the relative ambient humidity at about 50% in pro- 
cess. 


4. For working clothes, cotton is preferrable to synthetic fab- 
rics. 


5. Use a soldering iron operating at low voltage (12V or 24V, 
if possible) with its tip grounded. 


6. In transporting the board with memory devices mounted 
on it, cover it with conductive sheets. 


7. Use conductive sheets of high resistance to protect devic- 
es from electrostatic discharge. For, if dropped onto con- 
ductive materials like a metal sheet, devices may deterio- 
rate or even breakdown owing to sudden discharge of the 
charge stored on the surface. 


8. Never set the system to which memory devices are ap- 
plied near anything that generates high voltage (e.g., CRT 
Anode electrode, etc.). 


3.2 Using CMOS Memories 


As shown in Figure 3-1, the input of a CMOS memory is 
connected to the gate of an inverter consisting of PMOS 


Vic 


{ I 
P 
Input Output 


N 





Figure 3-1. CMOS Inverter 
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and NMOS transistors. Figure 3-2 shows the relationship be- 
tween the input voltage and current in this inverter. The top 
and bottom transistors turn ON and make current flown 
when the input voltage becomes intermediate level. There- 
fore, it is necessary to keep the input voltage below 0.2V or 
above Vcc — 0.2V in order to minimize power consumption. 
The data sheet specifies the stand-by current for both the 
cases of input level with minimum Viy and maximum Vj, 
and that with 0.2V or Vcc — 0.2V, and the difference in val- 
ue is remarkably great. Some memory devices are designed 
to cut off such current flow in standby mode by the control 
of input signals, but it depends on device type. This should 
be confirmed in data sheets for each device type. 


z 
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£ 
= 
r= 
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Input Voltage 





Figure 3-2. Relationship between Input Voltage and 
Current in CMOS Inverter 


Another problem particular to CMOS devices is latch-up. Fig- 
ure 3-3 shows the cross section of a CMOS inverter and the 
structure of a parasitic bipolar transistor. The equivalent cir- 
cuit of the parasitic thyristor is shown in Figure 3-4. When 
positive DC current or pulse noise is applied (Figure 3-4 (a)), 
TR3 is turned on owing to the bias voltage generated be- 
tween base and emitter. And trigger current flows into GND 
through Rp, the base resistance of TR2. As a result, TR2 
becomes conductive and current flows from power supply 
(Vcc) through the base resistance of TR1 (Rj), which puts 
TR1 into conduction, too. Then, as the base of TR2 is rebi- 
ased by collector current from TR1, the closed loop consist- 
ing of TR1 and TR2 reacts. Thus current flows constantly 
between power supply (Vcc) and GND even without trigger 
current caused by outside noise. 


Latch-up can be caused by a negative pulse, too (Figure 3-4 
(bb)). Most of semiconductor memory manufacturers are try- 
ing to improve latch-up immunity of their products. Hitachi 
provides enough guard band by applying diffusion layer 
around inputs and outputs, taking care not to connect input 
to pt diffusion layer. Input voltage for 64K-bit static RAM 
HM6264A, for example, is specified as follows: 


Vin max 6.0V (not depending on Vcc) 
Vit min 3.0V (pulse width = 50 ns) 
—0.3V (DC level) 


Thus almost no consideration for latch-up is required in sys- 
tem design. 
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Application 


Internal Input © 


Vecl +5V) Vec 


Internal Input 


Positive Ta, ON J 
Voltage { | 


| 
Tr: ON | 


(a) Thynstor Effect by 
Positive Voltage 


3.3 Noise Prevention 


Noise in semiconductor memories is roughly classified into 
input signal noise and power supply noise. 


3.3.1 Input Signal Noise 


Input signal noise is caused by overshoot and undershoot. If 
either of them is out of recommended DC operating condi- 
tions, normal operation is hindered, and voltage over abso- 
lute maximum rating will break the device. In operating high 
speed systems, special care is required to prevent input sig- 
nal noise. 


The noise can be prevented by inserting a serial resistance 
of less than 500 into each input or a terminating resistance 
into the input line. Actually, however, input signal noise can 
be simply reduced by a stable power supply line, because it 
is often caused by unstable reference voltage (GND level). 


3.3.2 Power Supply Noise 


The power source noise can be classed as low-frequency 
noise and high-frequency noise as shown in Figure 3-5. To 
assure stable memory operation, the peak-to-peak power 
supply voltage in the presence of low-or high-frequency 
noise should be held below 10 percent of its standard level. 


Devices like dynamic RAMs, which operate from clock sig- 
nals, or high speed CMOS static RAMs, through which cur- 
rent flows during transition of signals, consume high peak 


Negative Tr, ON 
Voltage { 


Tr: ON 
Tr: ON 


(b) Thyristor Effect by 
Negative Voltage 





High-frequency Noise 
Not More than 10% of Standard 
Power Supply Voltage 


Low-frequency Nowe 

Not More than 10% of Standard Power 
Supply Voltage 

Total of Low-and High-frequency 

Not More than + 10% of Standard Power 
Supply Voltage 





Figure 3-5, Power Source Noise 


current. When a power supply does not have enough capac- 
ity for the peak current, voltage drops. And if the recovery 
rate of the power supply synchronizes with its time constant, 
it may start oscillating. To reduce the influence of the peak 
current, a bypass capacitor of 0.1 — 0.01 yF should be in- 
serted near the device. The following points must be consid- 
ered in designing pattern of the board: 


e For bypass capacitors, use titanium, ceramic, or tantalum 
capacitors which have better high-frequency characteris- 
tics. 


e Bypass capacitors must be applied as near to the power 
supply pin of memory devices as possible, and inductance 
in the path from Vcc pin to Vsg pin through the bypass 
capacitor must be as little as possible. 
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e The line connected to the power supply on the board 
should be as wide as possible. 


Preferred 


cs 


Signal 


Vee Vss Vee Vss Vee Vsy 





Application 


e It is preferable for the power supply line to be at right an- 
gles to devices selected at the same time, lest too much 
peak current should flow through one power supply line at 
a time. 


Non-preferred 


-Faults- 
1 Bypath Lines are too 


ong. 
2 Devices Selected at 
a Time are on the 
Same Mother Lane 
Vss 


Data 1/0 


Figure 3-6. Examples of Power Supply Board Pattern 


3.4 Address Input Waveform of Hi-BiCMOS Memory 


Data stored in memory might be destructed in case that Ad- 
dress Input of the HM6716, HM6719, HM6787, HM6788 and 
HM6789 series becomes floating and sticks at and around 
threshold voltage. (e.g., CPU does Address Bus to off state 
in Figure 1.) Consequently, the following three methods are 
recommended so as to preserve malfunction of memory de- 
vice. 


A: Insert latch as shown in Figure 3-7 lest Address Input 
should become floating. 


B: Put CS into High while Address Input becomes floating. 
(Dotted line in Figure 3-8) 


C: Insert Pull-up Resistor (R) to hold time constant of Rising 
Edge waveform of Address Input pin (tj = R x C) below 
150 ns. 


Stable operation can be assured if you have already adopt- 
ed the above three methods (A, B, C), while if you have any 
problem, please contact our sales offices. 


Pull-up 
CPU Resistor 


Address 
Bus "Stray 
capacitance 


cs" on board 
Control C 


Address 
Input 





Figure 3-8 
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HM514256A/AL Series 


262,144-Word x 4-Bit CMOS Dynamic RAM 


m@ DESCRIPTION HM514256A/ALP Series 

The Hitachi HM514256A/AL is a CMOS dynamic RAM organized 262,144-word x 
4-bit. HM514256A/AL has realized higher density, higher performance and various 
functions by employing 1.3 u»m CMOS technology and some new CMOS circuit de- 
sign technologies. The HM514256A/AL offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514256A/AL to be packaged in stan- 
dard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 


SDDP20NA 
@ FEATURES (DP-20NA) 


¢ Single 5V (+10%) 
¢ High Speed 

Access TiMe ........... 0c eee ee eee 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
e Low Power 

SIGNGDy soxeetieneedaeeecedecin ee 11 mW (max), 1.7 mW (max) (L Version) 

ACUVE 25. 5sKceieuns 495 mW/440 mW/363 mW/302.5 mW/258.5 mW (max) 
e Fast Page Mode Capability 
e 512 Refresh Cycles ......... ccc cece ee ee eee (8 ms), (64 ms) (L Version) sDCP20D 
e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 


@ PIN OUT 


HM514256A/ALP HM514256A/ALJP HM514256A/ALZP 
Series Series Series 





fepec Pin ne 


J ae: Pin No 


3DZP20 





@ PIN DESCRIPTION 





Pin Name Function 
Ao-Ag Address Input 
Ap-Ag Refresh Address Input 
I/O,-I/O4 | Data Input/Data Output 
RAS Row Address Strobe 
CAS Column Address Strobe 
(Top View) WE Write Enable 

(Top View) (Top View) OE Output Enable 
Vcc Power Supply ( + 5V) 
Vss Ground 
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HM514256A/AL Series 
@ ORDERING INFORMATION 


HM514256AP-6 HM514256ALP-6 

HM514256AP-7 300-mil 20-pin HM514256ALP-7 300-mil 20-pin 
HM514256AP-8 Plastic DIP HMS514256ALP-8 Plastic DIP 
HM514256AP-10 (DP-20NA) HM514256ALP-10 (DP-20NA) 
HMS514256AP-12 HM514256ALP-12 

HMS514256AJP-6 HMS514256ALJP-6 

HM514256AJP-7 300-mil 20-pin HM514256ALJP-7 300-mil 20-pin 
HM514256AJP-8 Plastic SOJ HMS514256ALJP-8 Plastic SOJ 
HM514256AJP-10 (CP-20D) HMS514256ALJP-10 (CP-20D) 
HM514256AJP-12 HM514256ALJP-12 

HM514256AZP-6 HM514256ALZP-6 

HMS514256AZP-7 400-mil 20-pin HM514256ALZP-7 400-mil 20-pin 
HM514256AZP-8 Plastic ZIP HM514256ALZP-8 Plastic ZIP 
HM514256AZP-10 (ZP-20) HMS514256ALZP-10 (ZP-20) 


HM514256AZP-12 HM514256ALZP-12 





m@ BLOCK DIAGRAM 


RAS Control CAS Contro! WE Contro! | | OE Control 
Circuit Circuit Circuit Circuit 
1/01 1/02 1/03 1/04 


1/0 Buffer 


_—————— 


256k 
Memory 
Cell 
Array 


Column Decoder & Driver 
Sense Amp. (PMOS) & 1/O Bus 
Sense Amp. (NMOS) 
Sense Amo. (NMOS) 
Column Decoder & Driver 
Sense Amp. (NMOS) 


nn 
3 
rv) 
Oo 
~~ ™“~ 
8 —s 
] 
2 we 
2 ” 
e $ 
a 
E es 
< . 
a 
2 E 
. < 
” 9 
we 
{ 4 
© 
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Sense Amp. (PMOS) & !/O Bus 
Sense Amp. (PMOS) & !/O Bus 


Word Driver 
Row Decoder 


Row Address Buffer Column Address Buffer 
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HM514256A/AL Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vgg V 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Dissipation W 
Operating Temerature “Cc 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


1/0 Pin VIL 
Input Low Voltage 


Note: 1. All voltage reference to Vgs. 


a a ee oe 
Supply Voltage 
eae ee 


ll Pal 
mtu 


ee a ee ee 


¢ DC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 
HM514256 


: Test 
Item Symbol | A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-1 Unit Conditions Note 


Min | Max] Min 
RAS, CAS = Viy 
Dout = High-Z 
mA | ITL Interface 


\ RAS, CAS 2 Vcc — 0.2V 
CMOS Interface 





we 





Operating 


Current Icc1 





Standby 
Current 


RAS Only 
Refresh Icc3 
Current 


Nw 


Dout = High-Z 
CMOS Interface L-Version 








Battery Backup trc = 125 ps 
Current (Only Icc4 300 300 300 300 300 CAS Before 4 


for L-Version) RAS Cycling 
Standby 


Current Iccs 


— 
QD 


CAS Before RAS 
Refresh Current CC6 


Fast Page ee 

waietinee |e | —- [| -|~[—|s|-|5|- [a [malec-mme [13 
Input Leakage 

Output Leakage = _ = _ OV s Vout = 7V 
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HM514256A/AL Series 
e DC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vss = OV) (continued) 










HM514256 


ee A/AL-10 Unit 









Test 
Conditions Note 
Output High 
Voltage 







Output Low 
Voltage 


Notes: 1. Icc depends on output loading condition when the device is selected. Icc (max) is specified at the output open condition. 
. Address can be changed less than three times while RAS = Vy. 
. Address can be changed once or less while CAS = Vyq. 
. tras = tras (min) to 1 ps. 
Input Voltage: I/O Pins: Vin = Voc — 0.2V, Viz s 0.2V or High-Z 
The Other Pins: Vy 2 Vcc — 0.2V, or Vy < 0.2V 





1 
2 
3 
4 


e Capacitance (Ta = 25°C, Voc +10%) 


ees a 
oa Se 


Unit Note 


Cp 
Input/Output Capacitance Data Input/Data Output 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyx to disable Dout- 


¢ AC Characteristics (T, = 0 to + 70°C, Vcc = 5V 410%, Vsgg = OV)14 


— 


pF 
pF 
pF 


o 
N 


Test Conditions 


Input Rise and Fall Times 5 ns 
Input Timing Reference Levels 0.8V, 2.4V 
Output Load 2 TTL Gate + C, (100 pF) 

(Including Scope and Jig) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 
HMS514256 


Item Symbol | A/AL-6 A/AL-8 A/AL-10 | A/AL-12 | Unit | Note 





Random Read or 


— 
NN 
© 
— 
\Oo 
© 
i 
ho 
© 
RN 


Write Cycle Time 
RAS Precharge Time 50 pebote | 80 | | 90 | Laie! 
RAS Pale Wid [| 10000 | 70 [000 [20 | Tooee [100 | 10000 | 120 | vo000 [as | 
AS Pus Width [20 [ 10000 [20 [0000 [25 ioo00 [25 | 10000] 30 | 1000 [as 
Row Address Setup Tine CE ar SI Nee es (Oe 
Column Address Hold Time tca Mas sf — |u| — ee Oe I aes ih ae | 

| 90 | ns | 


Es 
ed 
fei 

i | = | 5 
| 40 | 2 
5 | 30 | | 
ees 


CAS oldie : fet = tet tet eer 
CAS to RAS 
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HM514256A/AL Series 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (continued) 





HM514256 
Item A/AL-6 A/AL-7 A/AL-10 | A/AL-12_ | Unit | Note 
Max | Min [ Max | Win | Ma 
OE to D,, Delay Time topp 


OE Delay Time from Diy tpzo 


CAS Delay Time from D,y, tpzc oe 


= 
= 
2. 








teary ff 8] LS | Ls | | 8 | | Ma 
seu Le [= [«[=[*[=[#l =o lo 
(Only for L-Version) 
Read Cycle 
HM514256 
Item Symbol | A/AL-6 A/AL-7 A/AL-10 | A/AL-12 | Unit | Note 
Min Min | Max | Min | Max | Min | Max | Min | Max 

Read Command Hold t 
Time to CAS RCH 
a 
germ” [= |= [= [-[@[=[o[-[o[-[~ 
eons [em {-l=|-l=[-[*[-[*|-|* [> 
rwwerese | wm | ~ | | - | » | -| »|-| | -| 2 | =| « 
sem fe l*l-l=l-ll-l@l-Pl-l- 
Write Cycle 





Item Symbol | A/AL-6 A/AL-8 Unit | Note 
Min | Max Max | Min Min 
Write Command Setup Time | twos | 0 | SO | eee Prag 10 
Write Command Hold Time 
Write Command Pulse Width 
hs erate to 
ead Time 
ae Command to 
Lead Time 


Data-in Setup Time tps haee4 


Data-in Hold time tpH 
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HM514256A/AL Series 
Read-Modify-Write Cycle 


HMS514256 
Pax | Min [Max | Min [ Max | Min [ Max 
Read-Write Cycle Time | trwe | 170 | — | et, 
RAS to WE Delay Time | trwn | 85 | — | he | 160 
CAS to WE Delay Time | tewo | 4 | — | 45 eee 
Eases 
SS Eas 





— jf — 
Oo;o 


Column Address to t 55 
WE Delay Time AWD 
OE Hold Time from WE 


Refresh Cycle 


— 
So 


HM514256 


Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit Note 


CAS Setup Time 

(CAS Before RAS tcsR 10 

Refresh Cycle) 

CAS Hold Time 

(CAS Before RAS tCHR 15 15 20 
Refresh Cycle) 

RAS Precharge to 


Fast Page Mode Cycle 








HM514256 


Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit | Note 


Fast Page Mode 

Cycle Time tec | - jo| -— . |- {=| - fe] - [= 

Fast Page Mode CAS tcp 10 

Precharge Time 

Fast Page Mode RAS 

patie | ase | — | won | — | wom | — | wo | — | wm | — | oom | | 
Access Time from 

CAS Precharge sce |-| @ |-| # [-| » |-| » | -| 

RAS Hold Time 

from CAS Precharge jimce| ©] — fs} — | | — fo] — fo] - |» 
Fast Page Mode 


Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that trop < trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that trop 2 trcp (max) and trap = trap (max). 
. Assumes that trop < trcp (max) and trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
. Transition times are measured between Vy and Vjy,. 
8. Operation with the trop (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta ,. 


Nn W 


— 
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HM514256A/AL Series 


10. twcs, twp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tpwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

12. trasc is determined by RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of taa, tcac or tacp. 

14. An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of 
cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, eight or more CAS before 
RAS refresh cycles are required. 


@ TIMING WAVEFORMS 
e Read Cycle 





——— 
ie 


mows TOK MO com XID 


me on TROT 





torr 


High-Z Valid S 


pave een oi 


toac 


MMM LMLLLLLL LD — PLLLLLLLLLLL. 


1/1). Don't care 
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HM514256A/AL Series 
¢ Early Write Cycle 


{| eoenmennerante Sears ae 
——— 
‘LL - 


Addu tlm 


WE es a 


ga LITTLE ae TTL TELL TOT 


High-Z 


OE : Don’t care ; 
twcs 2 twCs (min) 
V/A fA, . Don’t care 





¢ Delayed Write Cycle 


T= Wm TTT] 


sone ee; ao 


ALLL LLEPL LY NILLLLLLLL] 
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HM514256A/AL Series 
e Read-Modify-Write Cycle 


et 


* ea re UL 


= IU ois fmm 


pal D. tot MLL // 


se 
a 





¢ RAS Only Refresh Cycle 


= — UMMM 


naires T/L RY LLL LLL LLL LL LLL. 


Dout High-Z 
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HM514256A/AL Series 
e CAS Before RAS Refresh Cycle 





Address,Din, WE : Don’t care 
Dout : High-Z 
V // : Don’t care 


0136-10 


e Fast Page Mode Read Cycle 


54 





SS 


Address ses { column rts =H Got Column KI 
a 
Lh af st He Be ese a 

aot 


Bin. 5 hs 
Raa J 


OAC 





V// /) : Don’t care 


0136~11 
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HM514256A/AL Series 
¢ Fast Page Mode Early Write Cycle 


RAS 


aoe an 


Co mee lofsok Ean 


High-Z 
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> 
a. 


"i 


OE : Don’t care 
Y/// > Don’t car 
e Fast Page Delayed Write Cycle 


os 
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| it 
WLLL LR LLL ALLLLLL, 
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»/) f= (carne L111 osm LL LLL 
oe a= 
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HM514256A/AL Series 
¢ Fast Page Mode Read-Modify-Write Cycle 





56 
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Supply Current Icci (Normalized) Supply Current Icci (Normalized) 


Supply Current Icc2 (Normalized) 


HM514256A/AL Series 








Supply Current (Active) Supply Current (Active) 
vs. Supply Voltage 63 vs. Ambient Temperature 
1.3 
: 
N 
1.2 G12 
1.1 5 11 
1.0 g 10 
5 
0.9 5 09 
6) 
0.8 a 0.8 
3 
07 0.7 
4.50 4.75 5.00 5 25 5.50 0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
Supply Current (Active) Supply Current (Standby) 
vs. Frequency vs. Supply Voltage 
0.0 
5.0 8g 
| 
E 
S 
g 
1.0 ce 
0 E 
s) 
= 
E 
7) 
an 0.5 1.0 5.0 10.0 750 4.75 5.00 5.25 5.50 
Frequency f (MHz) Supply Voltage Vcc (V) 
Supply Current (Standby) Supply Current (Standby) 
vs. Supply Voltage vs. Ambient Temperature 
1.3 
2 
E 
Zz 11 
car 
5 
E 09 
6) 
2 0.8 
E 
” 
0.7 
0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
0136-15 
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HM514256A/AL Series 


58 


RAS Access Time trac (Normalized) 


CAS Access Time tcac (Normalized) 


Address Access Time taa (Normalized) 





RAS Access Time RAS Access Time 
vs. Supply Voltage vs. Ambient Temperature 
1.3 -~ 1.3 
1.2 FE 1.2 
© 
11 Gos 
3 
1.0 1.0 
eo 
& 
0.9 em 09 
7] 
0.8 <z 08 
7) 
0.7 pS 
"4.50 4.75 5.00 5.25 5.50 075 20 40 60 


Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


CAS Access Time vs. CAS Access Time vs. 
Supply Voltage Ambient Temperature 


CAS Access Time tcac (Normalized) 





0.9 
0.8 
v0 20 40 60 
Supply Voltage Vcc (V) Ambient Tempefature Ta (°C) 
Address Access Time Address Access Time vs. 
vs. Supply Voltage Ambient Temperature 
z 1.3 
FE: 1.2 
E é 
Sj 
$ 1.1 
2 1.0 
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“a 09 
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w 08 
fy 
3 
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Ambient Temperature Ta (°C) 


Supply Voltage Vcc (V) 
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HM514258A Series 


262,144-Word X 4-Bit CMOS Dynamic RAM 


™@ DESCRIPTION 


The Hitachi HM514258A is a CMOS dynamic RAM organized 262144-word x 
4-bit. HM514258A has realized higher density, higher performance and various func- 
tions by employing 1.3 wm CMOS technology and some new CMOS circuit design 
technologies. The HM514258A offers Static Column Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514258A to be packaged in standard 
20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 


mM FEATURES 


e Single 5V (+10%) 
¢ High Speed 
ACCESS TiMe ....... eee ee eee es 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
e Low Power 
DLANOOY pons. os be wa tanks Gaede Min cuwe Oe ere N eaten ean 11 mW (max) 
ACING. 44ecdaeyieeavwes 495 mW/440 mW/413 mW/358 mW/303 mW (max) 
¢ Static Column Mode Capability 
® 512 MeHeSh CYCIES 0.402.686 eee wh care abe viens Ba eR DAE eee eh dase wee (8 ms) 
e 2 Variations of Refresh 
RAS Only Refresh 
CS Before RAS Refresh 


M@ ORDERING INFORMATION 


HM514258AP-6 

HM514258AP-7 300 mil 20-pin 
HM514258AP-8 Plastic DIP 
HM514258AP-10 (DP-20NA) 
HM514258AP-12 

HM514258AJP-6 

HM514258AJP-7 300 mil 20-pin 
HM514258AJP-8 Plastic SOJ 
HM514258AJP-10 (CP-20D) 
HM514258AJP-12 

HM514258AZP-6 

HM514258AZP-7 400 mil 20-pin 
HM514258AZP-8 Plastic ZIP 
HM514258AZP-10 (ZP-20) 





HM514258AZP-12 


@ PIN OUT 


HMS514258AP Series HM514258AJP Series HM514258AZP Series 


Hitachi Pin No. 
JEDEC Pin No. 


(Top View) 


(Top View) (Bottom View) 
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HM514258AP Series 


¥S 


3DDP20NA 


(DP-20NA) 
HM514258AJP Series 


3DCP20D 





3DZP20 


(ZP-20) 


m@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ag Address Input 
Ao-Ag Refresh Address Input 
I/Oo-I/04 | Data Input/Data Output 
RAS Row Address Strobe 
cS Chip Select 
WE Write Enable 
OE Output Enable 
Vcc Power Supply ( + 5V) 
Vss Ground 
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HM514258A Series 
@ BLOCK DIAGRAM 


RAS Controt 
Circuit 


1/01 1/02 1/03 1/04 


256k 
Memory 
Cell 
Array 


Sense Amp (NMOS) 
Sense Amp (NMOS) 
Column Decoder & Driver 
Sense Amp (NMOS) 


Column Decoder & Driver 
Sense Amp (PMOS) & !/O Bus 


Sense Amp (PMOS) & 1/O Bus 
Sense Amp (PMOS) & !|/O Bus 


” 
2 
a 
° 
pas ~ 
es = 
fe) 0 
s i 
2 ” 
tae (o) 
s 
a 
E 2 
< 
a 
a E 
3 is 
0 
¢ 
® 
n 


Word Driver 
Row Decoder Row Decoder 


Row Address Buffer Column Address Buffer 


0114-4 
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HM514258A Series 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter 
Voltage on Any Pin Relative to Vss 
Supply Voltage Relative to Vss 


Power Dissipation 


—1.0to +7.0 Vv 
—1.0to +7.0 Vv 


a 


Short Circuit Output Current Tout nee ee mA 
ee 

Operating Temperature is @ 
—55to +125 °C 


Storage Temperature 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to + 70°C) 


ee ee es ee ee ee a ee 
Supply Voltage 


Note: 


¢ DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vssg = OV) 


Parameter 


Operating Current 


Standby Current 


RAS Only 
Refresh Current 


Standby Current 


CS Before RAS 
Refresh Current 


Static Column 
Mode Current 


Input Leakage 
Current 


Output Leakage 
Current 


Output High Voltage 


Output Low Voltage me ae 


1. Icc depends on output load condition when the device is selected. Icc¢ max is specified at the output open condition. 


Notes: 


1. All voltage referenced to Vgs. 





HM514258A | HM514258A 
-6 -7 


— 


—Jer ar és ro} a or &L 
\O Nn N on 
on 

| 

=) 


CCl 


CC3 


CC6 





— 
=) 


LO 


OV < Vout s TV, 
Dout = Disable 


Oo 
> 
—) 
p> 
[a] 
ip 





2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CS = Vy. 
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1 
l 


HM514258A Series ; 

e Capacitance (Ta = 25°C, Vcc = 5V +10%) 

Unit Note 
l 


Parameter 


1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = Vy to disable Doy- 


Input Capacitance (Address) 


— 


Input Capacitance (Clocks) 


ee ee 
ae eee 
Ce ms 


pF 
pF 
pF 


Input/Output Capacitance (Data Input, Data Output) 
Notes: 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)17, 18 
Test Conditions 


Input Rise and Fall Times: 
Input timing reference levels: 
Output load: 


5 ns 
0.8V, 2.4V 
2 TTL Gate + C; (100 pF) 


(Including scope and jig) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM514258A HM514258A | HM514258A 
-6 - -10 


HM514258A 
-7 


HM514258A 


oO 


— 
SS 


Parameter Unit | Note 


Symbol 


Read Command Setup Time 


Random Read or Write Cycle Time tre | 1220 | — | 130 | — | 160 | — | 19 | — { 20 | — | as] 
RAS Presarge Tine Ee a a 
RAS Pulse Width tras | 60 | 10000] 70 | 10000] 80 | 10000] 100 | 10000] 120 | 10000 | ns | 
CS Pulse Width tsp 10000 10000 10000 10000 | ns 
Column Address Hold Time taHW SS, ae SSS Me OO ee 08 || te Oe I ee aes 
RAS Hold Tine a a a ee 
GS Hol Tine ic | | —-|»]|—|#|—|m)—|m|—|o 
DED, DeayTine [opp | > | — | » |—-|a{[—-[s [—-|[»]— |e 
Transition Time (Rise and Fall) te | oS) 0 | 8 | SO so. 3) 80 Be 50 os | 1,7 
Refesh aid ce ee a ee 
Read Cycle 
Parameter Symbol -6 -7 -8 -10 -12 Unit; Note 
pm Min Min | Max Max Max 

Access Time from RAS i oe a i 100 120 } ns | 2,3 
Access Time from Address taAA Lae 2S Ese 50 3, 5, 14 
Access Time from OE GAGs || veel 20. ce 0 eee | 

iz 

ioe 
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HM514258A Series 


HMS514258A HMS514258A si aca HM514258A | HM514258A 
-6 -10 -12 Unit] Note 


Read Cycle (continued) 


Parameter 


elt a 
Nn 


Min Min | Max | Min Min 
RAS to Column Address Hold Time fetes al eed cloe 16 
RAS to Column Address Delay Time 9 
Column Address to RAS Lead Time 3 
Column Address Hold Time from RAS 100 120 
Output Buffer Turn-off Time Le Lee 6 
Output Buffer Turn-off to OE fed aes | 6 

eed ea 


Output Hold Time from Address 


N LNinNnta fl a 

o!|1o o;o Dimiwna 
NR tN Ww = 
o;o oO iss) 
Pa 

Ny] dX 
Nw ] dN 
Wr 

om me.) oO +) 
eal 
ww | Go ON K< 
oO] oO an & 


| 
Loe) 
CS to D;, Delay Time 
CS Hold Time from OE 
OE Hold Time from RAS | 80 | 
OE Hold Time from CS 
Write Cycle 
Parameter -6 -7 -8 -10 -12 Unit}; Note 





= 
3 
—_—_ 
© 


Write Command Setup Time 

Write Command Hold Time 

Write Command Hold Time to RAS 
Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CS Lead Time tcwL 


am Fem | ete ]f et MN Cen eK cen cE OK oe SR OO cee SE ce SE ce SO cn cee OO ee OO ce Oo co NM 
sje |= |= << << 
mid jlo in |S jo lth 1 ix |p en 
cere S oie le jm jo tm ia | cS |b + 
ele 
Colo 
pat) 
a 
Mii © mi cnt anic!l © =" 


eS 
z 
ion 
Mim NEw ft — | aml we 
— 
= 


~ 
tr | Or mi rnflurfa lu 
al 
men ene i) wiwlrmwl mir = 
alae a es a 
BOO00000038 
a 
iv) Dp if) DN if] is 2) ea) 


Din Setup Time 20nd 11 
D,,, Hold Time 15 1 
D;, Hold Time to RAS 

Column Address Hold Time from RAS 5 5 


Read-Modify-Write Cycle 


HMS5 Pi HM514258A | HM514258A } HM514258A | HM514258A 
Parameter Symbol -7 aa -10 -12 Unit | Note 


ic 
& 
3 |x 
=] 
F 
F 
F 
E 
al 
F 
=] 
2|a|3|F 
als 


Dn 


in | Max | 
Read-Modify-Write Cycle Time egg 220 | — | 258 ae ees a 
RAS to WE Delay Time tawo | 85 | — | 93 | — | 10 | — | 135 | — | 160 | — | 10 
Column Address to WE Delay Time cee Ren ee ee ee 10 


Refresh Cycle 


HM514258A HM514258A HMS514258A | HM514258A HM514258A 
Parameter Symbol -6 -7 -8 -10 Unit | Note 


CS Setup Time : : 
(CS Before RAS Refresh Cycle) cs 


es 
wo 


oS 


CS Hold Time zi 
(CS Before RAS Refresh Cycle) | CHR 


RAS Precharge to CS Hold Time EEE ae ee Oe | 
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HM514258A Series 
Static Column Mode Cycle 


HMS514258A | HM514258A | HM514258A | HM514258A | HM514258A 
Parameter Symbol -6 -7 -8 -10 -12 Unit} Note 


Static Column Mode Cycle Time = ts}-[el-l«l-[s[-[e]— 
es 


Lee 
RAS to Second WE Delay Time trswo| 70 | — | 8o | — | eee) 
Static Column Mode CS Precharge Time ty | 10 | — | 1 | — | 10 | — | 
Static Column Mode WE Precharge Time twr | 10 | — | to | — | lee. | 


a 
eles) E 


Parameter Symbol -7 ani ral -12 Unit} Note 
Max ; Min | Max | Min | | Min ee fom 
= aE GEGACeoeC 
Acces Tine rom First WE aw [ls >—)s>—| es] — pol — [as [win 
Last WE to Column Address Delay Time ttwap| 20 | 35 | 20 | 40 | 25 | 45 | 25 | so | 30 | 60 | ns | 15 
Last WE to Column Address Hold Time |tanrnw| 65 | — | 75 | — | 85 | — | 10 | — | 115 | — | ns| 


Notes: 1. AC measurements assume tr = 5 ns. 

2. Assumes that trop < trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

. Assumes that tpcp 2 trcp (max) and trap = trap (max). 

. Assumes that tpcp * trcp (max) and trap 2 trap (max). 

. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 

. Transition times are measured between Vyyy and Vyrz. 

8. Operation with the trcp (max) limit insures that tp ac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tacs. 

9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by taa. 

10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tpwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min) the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

12. tgrw (min) = tawp (min) + thwap (max) + ty 

13. Assumes that tuwap < tLtwAp (max). If tuwap is greater than the maximum recommended value shown in this table, 
tatw exceeds the value shown. 

14. Assumes that thrwap 2 tLwap (max). 

15. Operation with the thwap (max) limit insures that ta, w (max) can be met, thwap (max) is specified as a reference point 
only, if tu wap is greater than the specified tr wap (max) limit, then access time is controlled exclusively by ta a. 

16. tap is defined as the time at which the column address hold is set. 

17. An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of 
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CS before RAS 
refresh cycles are required. 

18. In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the device. 


Nar BB WD 


~] 
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@ TIMING WAVEFORMS 
¢ Read Cycle 


TILL air TIL 
ee 


Patt 
a Tt V/1, 
oF TLL MMLLLL [s MLLLLLLLL, 


e Early Write Cycle 


Ope mn = 


address ‘///M Row - = 


High-Z*? 


Dout 
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HM514258A Series 





HM514258A Series 
¢ Delayed Write Cycle 





¢ Read-Modify-Write Cycle 





| 
| 
> 


re 
~ 


tet 
al 


Address IK 


a 


S 
N 
N 
NS 


Pe _ 
any 
are ge 


WE 


Din 


lt iar W) ote 


Dout 


: Don’t care 


ZILLL He Pane 7ILILL 


ALLL - 
ar 


Geet 


WE 


Din 


me 


OE 


LLL 


(ZL) : Don't ca 
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HM514258A Series 


¢ RAS Only Refresh Cycle 


meres ALLL Ls 


High-Z 
Dout s 


E, : Don’t care 
(//4 - Don't care 





¢ Static Column Mode Read Cycle 


alt 


ail aoe 
maven 77K rm) Bea) rat AZZ 


We TOM oR MIL 
mis bah 
{tle LLRs ee 
ee: (//4 . Don't care. 
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HM514258A Series 
¢ Static Column Mode Write Cycle (1) 


ait 
C7 oe aif mn Gaul), Gees Colum ay mn "LLL 


Address 7H) ROW | / ( 
| 

: 
aa 


=e 


Dout 


1. (AA : Don’t care 
2. twos = twcs (min) 
3. OF : Don’t care 





© Static Column Mode Write Cycle (2) 


tr 


r= Be Simms 


eM = i. YMA 


High-2*? 


he EOE MMU 


1. (Z4] : Don't care. 
2. twos = twes(min) 
3. OE : Don't care. 
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HM514258A Series 
e Static Column Mode Read-Modify-Write Cycle 


a 


i 
Adress VO ee //), = RE 


_ =p 
=| es |i A 


= 7 gin gs am 
a 8 eta pe a osha 


: Don't care. 
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HM514258A Series 


70 


Supply Current Icc1 (Normalized) Supply Current Icc: (Normalized) 


Supply Current Icc2 (Normalized) 
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Supply Current (Active) vs 


Supply Voltage 
13 
1.2 
4 
1.0 
0.9 
0.8 
: "450 4.75 5.00 5.25 5.50 
Supply Voltage Vcc (V) 
Supply Current (Active) vs 
Frequency 
100 
5.0 
10 
05 
0.1 
01 05 10 5.0 100 


Frequency f£ (MHz) 


Supply Current (Standby) vs 
Supply Voitage 


[ret [ 
Te 
a al Fa BE 
Tt 









Supply Current Icci (Normalized) 


Supply Current Icc2 (Normalized) 


Supply Current Icc2 (Normalized) 


Supply Current (Active) vs 
Ambient Temperature 


1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
oo 0 20 40 60 80 


Ambient Temperature Ta (°C) 


Supply Current (Standby) vs 
Supply Voitage 





Supply Voltage Vcc (V) 


Supply Current (Standby) vs 
Ambient Temperature 


0.9 


ae Te al 
0.4050 4.75 5 00 5 25 5.50 076 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HM514258A Series 


RAS Access Time vs RAS Access Time vs 
Supply Voltage Ambient Temperature 


1.2 


1.41 


RAS Access Time trac (Normalized) 
RAS Access Time trac (Normalized) 


09 0.9 
08 08 
oN 50 475 5.00 5.25 5.50 sy 0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
CS Access Time vs CS Access Time vs 
Supply Voltage Ambient Temperature 


‘CS Access Time _tacs (Normalized) 
CS Access Time tacs (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
Address Access Time vs Address Access Time vs 
Supply Voltage Ambient Temperature 





Address Access Time taa (Normalized) 





Address Access Time taa (Normalized) 


Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


0114-16 
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HM514266 Series 


262,144-Word x 4-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514266A is a CMOS dynamic RAM organized 262,144-word x 
4-bit. HM514266A has realized higher density, higher performance and various func- 
tions by employing 1.3 4m CMOS process technology and some new CMOS circuit 
design technologies. The HM514266A offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514266A to be packaged in standard 
20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 


M@ FEATURES 


e Single 5V (+10%) 
e High Speed 
ACCESS: TINO cece dey to Sea denote 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
e Low Power Dissipation 
Active Mode ........... 495 mW/440 mW/363 mW/303 mW/259 mW (max) 
Standby MOde= 5 ster cco steed owas wed eeraks eee ees 11 mW (max) 
e Fast Page Mode Capability 
6.5.12 MOMeSIV CYCIOS: iia cube po scwdadeeeuaueen tua a ebay gaewee eee ee (8 ms) 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
e Write per Bit Capability 


@ ORDERING INFORMATION 





HM514266AP-6 
HM514266AP-7 300 mil 20-pin 
HMS514266AP-8 Plastic DIP 
HM514266AP-10 (DP-20NA) 
HM514266AP-12 
HMS514266AJP-6 
HM514266AJP-7 300 mil 20-pin 
HM514266AJP-8 Plastic SOJ 
HM514266AJP-10 (CP-20D) 
HMS514266AJP-12 
HM514266AZP-6 
HM514266AZP-7 400 mil 20-pin 
HM514266AZP-8 Plastic ZIP 
HM514266AZP-10 (ZP-20) 
HM514266AZP-12 
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HMS514266AP Series 


¥S 


3DDP20NA 


(DP-20NA) 
HMS514266AJP Series 


3DCP20D 


3DZP20 





@ PIN DESCRIPTION 


Pin Name Function 
Ag-Ag Address Input 
Ag-Ag Refresh Address Input 


W,/10;- | Write Select/ 
W,/104 Data-in/Data-out 


RAS Row Address Strobe 

CAS Column Address Strobe 
WB/WE | Write Per Bit/Write Enable 
OE Output Enable 

Vcc Power Supply (+ 5.0V) 
Vss Ground 
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HM514266 Series 


@ PIN OUT 
HM514266AP Series 


HM514266AJP Series HM514266AZP Series 


Hitachi Pin No. 
JEDEC Pin No. 


W1/101 
w2/02 
WB/WE 





(Top View) (Bottom View) 


m@ BLOCK DIAGRAM 





(PMOS) & I/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & I/O Bus 


Sense Amo. 


E 
< 
@ 
” 
c 
© 
” 


Sense Amp. (NMOS) 
Sense Amp. (PMOS) & I/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & I/O Bus 


Sense Amp. 
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HM514266 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Oto +70 a 
Storage Temperature T stg —55to +125 °C 


Operating Temperature Topr 


Parameter Unit 
Voltage on Any Pin Relative to Vss | Vp | = 1.0to +70 | Vv 
Supply Voltage Relative to Vss | Veo | = 10t0 +70 V 
Short Circuit Output Current Lout a ae mA 
Power Dissipation a W 
| Ot +70 
| = S580 +125 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter Symbol 
Supply Voltage = 
Tnput High Voltage 
Input Low (1/0 Pin) ee 


Note: 1. All voltage referenced to Vgs. 


aN 
in 


WN 
So 
ON | 
ith 


Min 


Pi} dds 
bo — > 
o}]o 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Vcc = 5V +10%, Vss = ae 


514266A-6 514266A-7 514266A-8 514266A-10 } 514266A-12 | 12 
Min | Max 


Parameter Symbol Unit Test Conditions 


Ss 
3 
< 
| 
< 
= 


Operating Current] Icc; 










TTL Interface 
RAS, CAS = Vin 
Dout = High-Z 
CMOS Interface 


RAS, CAS = Vcc — 0.2V, 
Dout = High-Z 





Standby Current |[Icc2 


RAS Only 
Refresh Current 


Standby Current 
loos 


CAS Before RAS cos 
Refresh Current 


Fast Page 
Mode Current loc7 


Cem OR 
i=) 


ws 





Input Leakage 
Current 


=n 
Voge Yoo| 24 
vane et ate 


— 
) 
So 


i=] 
= 
oO =) 


OV = Vout $ 7V 
ven Plc 
Tos [= [nin 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc¢ max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vy. 
3. Address can be changed once or less while CAS = Vyq. 


— 
ie 


Voc 


— 
a 


4 


ie. 
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HM514266 Series 
e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Parameter Symbol Typ 


Mss __f__ vat _ Note 
Input Capacitance (Address) Cy re eee 


a a ee 
ae 


152 


Output Capacitance (Data-in, Data-out) | Cy | —-— | 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjypq to disable Doyt.- 





e AC Characteristics (Ty, = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)1. 14 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


eres 514266A-10 | 514266A-12 - 
Pin [Max [ Min [ Max [ Min [ Max [ Min [ Max [ Min [ Mx 
Random Read or Write Cycle Time ee ae ee 
RAS to Column Address Delay Time 35 55 20 | 65 | ns 9 


Read Cycle 


| 
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HM514266 Series 


Write Command to CAS Lead Time tcwL 


Write Cycle 
reer Symbol 514266A-6 514266A-7 514266A-8 514266A-10 514266A-12 ae 
Min | Min | Max | Min | Max Max 

Write Command Setup Time ‘twos | 0 | 0" hy Oeil Oe hy eens ons 10 

Write Command Hold Time ae ees } ons | 

Write Command Pulse Width ee ae eos Ses | ons | 

Write Command to RAS Lead Time 25 eae | ons 
ee as 
Ee [ns | 
ns | 


o> 
a 


Data-in Setup Time D 0s fa, “Wf see 11 
Data-in Hold Time D i 20 | eee | 11 


Read-Modify-Write Cycle 


514266A-6 514266A-7 514266A-8 514266A-10 5 
Min | Max Max Max | Min | Max | Mi a ea 
Read-Write Cycle Time ltrwe | 170 | — | 180 aaa 
RAS to WE Delay Time ‘tawn | 85 | — | 95 | — | 
CAS to WE Delay Time itewn | 45 | — | 45 | — | 

car 
aes 


N 
< 
$9 
ws 


— 
ms 
nN 
loa 
N 
a 
—, 
NO 


Parameter Symbol 


aot fit 
Tn” 


5 


pe 
jn) 


Column Address to WE Delay Time ltawn | 35 | — | 
OE Hold Time from WE ‘torn | 20 | — | 2 


Refresh Cycle 


CAS Setup Time tex 10 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time t 20 20 
ce Before RAS Ren ede) CHR 


Fast Page Mode Cycle 


ae ee 514266A-8 | 514266A-10 

Fast Page Mode Cycle Time Cn eee ee eS 
Fast Page Mode CAS Precharge Time eee d fee AO eee Ife 104 
Fast Page Mode RAS Pulse Width 'trasc | — |} 100000] — | 100000 100000} — 
eae 

=| 


peach 
So 


ami oS 
& 
we 
— 
© 


oo 
in 
— 
ms 
nN 
nN 
ON 
oe 
poe 
j=) 
1) 
— 
_ 
dN 
ON 
ON 
2 |? 
rXy — 
be No 


Wa 
oe 
rs 
we) 
on 
HN 
> 
— 


= 2 
S eis 
S 


Unit | Note 


Fk 
i] 
F; 
Be 
E 
3S 


Wa 
iw 


co) 


— 
ww 


es 
Access Time from CAS Precharge pee fo} Sete te 
RAS Hold Time from CAS Precharge 40 1 AOS een Peete |e see ta 80 


Fast Page Mode Read-Write 
ce fee | # | ~ | | - | 


Write Per Bit(15, 16) 


Write per Bit Selection Setup time twos. 0 | = OP ee Of ee ee ee 
Pio [ = 


ws 
5 
+ 
— 
bdo 


— 
wlS 
“ls 
— em fon 
WwW 


EB 


Write per Bit Selection Hold Time ‘twoH | 10 | — 
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Notes: 


1. 
. Assumes that tpcp < trcp (max) and trap ¥ trap (max). If trcp or trap is greater than the maximum recommended 


wN 


HR & WwW 


10. 


11. 


12. 
£3: 
14. 


15. 
16. 


HM514266 Series 
AC measurements assume tr = 5 ns. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that trcp 2 trcp (max) and trap S$ trap (max). 

. Assumes that trcp $ trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vig (min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyy; and Vy,. 


. Operation with the tacp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 


if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if tpAp is greater than the specified trap (max) limit, then access time is controlled exclusively by tq. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tpwp 2 trwp (min), tcwp 2 tcwp (min), and tawp 2 tawp (min), the 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading edge in delayed write or 
read-modify-write cycles. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of taa or tcac or tacp. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, a minimum of eight CAS 
before RAS refresh cycles are required. 

When using the write-per-bit capability, WB/WE must be low as RAS falls. 

The data bits to which the write operation is applied can be specified by keeping Wi/IOi high with setup and hold time 
referenced to the RAS negative transition. 











© HITACHI 
Hitachi America, Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 77 





HM514266 Series 


@ TIMING WAVEFORMS 
¢ Read Cycle 


tro 
i {i 
ca re 
' 


Po il 
od i 


Address IO es ee 


— Act 


wwe LLL, meet im [pak 


Dout 
we He = 
| 
eZ 


. seem — 


let 


ie 


W4/104 
Din 


* 4/23 : Don't care 
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HM514266 Series 
® Early Write Cycle 


Address 


WB/ WE 





Hi-Z 


W1/lO1 [" 


OE :Don'tcare 


"V7 : Don't care 
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HM514266 Series 
e Delayed Write Cycle 


Address 


=—5 
ies Column Tle Pe ce 


twos 


WB, WE za 


W4/104 
D 
3 


OE 


tbz0 locH 


ty 7 aa - {wae LLL 


<> 


*1 Invalid output 


"V4 : Don't care 
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HM514266 Series 
e Read-Modify-Write Cycle 


twe 


MLLLLLLLLL LL 


toy 


W4/104 


W1/101 (Din teu ODA Valis put RY LLL 
| ans 


Dout 
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HM514266 Series 
¢ RAS Only Refresh Cycle 


trec 


RLLLLLLL 2 


tasr 


address LM Row KOLLLLLLLLLLLLLLLLLILLLLL LLL LL LLL 
CRA ee Ao A | x? Se ee ere ere IN 


Dout 
1 OE, WE : Don't care 


2 U7, : Don't care 





¢ CAS Before RAS Refresh Cycle 


Ee ZI 


Address, Din, WE : Don't care 
Dout: High-Z 


0118-10 
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HM514266 Series 
e Fast Page Mode Read Cycle 


— 


wane DLL at ar a“ 


tRRH 
is ts 
[i tcac 
Bhs 


tcpp 


W1/101 Din TT} — 


W4/104 \ pout 


OE 


*V///) : Don't care 


0118-11 
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HM514266 Series 
e Fast Page Mode Early Write Cycle 


tRSH trp 
tcrP 
tcas 


tCAH 


aol 


keel KIL 
Elin |W 


4 


obo 


sale i me A ad ne 


W4/l04\ Dout Hi-Z 


of OE : Don't care 


: 4/2 : Don't care 





0118-12 
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HM514266 Series 
e Fast Page Mode Read-Modify-Write Cycle 


Or 


VLILLL 2 


WP 


LLLLLL L 


rt 


tbH 


mic 


S 


W4/104 Din 


W1/101 7 joao 
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HM511000A Series 
HM511000AL Series 


1048576-Word x 1-Bit CMOS Dynamic RAM 


m@ DESCRIPTION 


The Hitachi HM511000A/AL series is a CMOS dynamic RAM organized 
1048576-word x 1-bit. HM511000A/AL has realized higher density, higher perform- 
ance and various functions by. employing 1.3 4m CMOS process technology and 
some new CMOS circuit design technologies. 

The HM511000A/AL offers Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM511000A/AL to be packaged in stan- 
dard 18-pin plastic DIP, 20-pin plastic ZIP and 20-pin plastic SOU. 


@ FEATURES 


e High Speed 
ACCeSS TIME ....... 2. eee eee eee 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
e Low Power Dissipation 
Active Mode ........... 495 mW/440 mW/385 mW/330 mW/275 mW (max) 
standby MOd6 <.4.5..236sn beds bane tive waavawexwesasvetendeank 11 mW (max) 


e Single 5V Supply (+ 10%) 
e Fast Page Mode Capability 
© 512 MGWresn GCy¥CIOS a wes SG vedas Sw heed GONE Viewer aes hae ee waes es (8 ms) 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 


@ PIN OUT 
HM511000A/ALP Series HM511000A/ALJP Series 


Hitachi Pin No. 
JEDEC Pin No. 


HM511000A/ALZP 
Series 


(Bottom View) 


(Top View) 


(Top View) 
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HM511000A/ALP Series 


Fe 


(DP-18C) 
HMS511000A/ALJIP Series 


3DDP18C 


38DCP20D 


3DZP20 


m@ PIN DESCRIPTION 


Pin Name Function 
Ag-Ag Address Input 

Ao—Ag Refresh Address Input 
Din Data-in 

Dout Data-out 

RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Input 
TF! Test Function 

Vcc Power (+ 5V) 

Vss Ground 


Note: 1. TF pin can be connected with 
any line or unconnected pro- 
vided the voltage level of TF 
pin must be kept lower than 
Vcc + 0.5V. 
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HM511000A Series 
M@ ORDERING INFORMATION 


Part No. Package Part No. Package 
HMS511000AP-6 HMS511000ALP-6 
HMS11000AP-7 300 mil 18-pin HMS511000ALP-7 300 mil 18-pin 
HMS11000AP-8 Plastic DIP HMS511000ALP-8 Plastic DIP 
HMS511000AP-10 (DP-18C) HMS511000ALP-10 (DP-18C) 
HMS511000AP-12 HMS11000ALP-12 
HMS11000AJP-6 HMS511000ALJP-6 
HM511000AJP-7 300 mil 20-pin HMS11000ALJP-7 300 mil 20-pin 
HM511000AJP-8 Plastic SOJ HMS511000ALJP-8 Plastic SOJ 
HM511000AJP-10 (CP-20D) HMS511000ALJP-10 (CP-20D) 
HMS511000AJP-12 HMS511000ALJP-12 
HM511000AZP-6 HM511000ALZP-6 
HMS511000AZP-7 400 mil 20-pin HM511000ALZP-7 400 mil 20-pin 
HM511000AZP-8 Plastic ZIP HM511000ALZP-8 Plastic ZIP 
HM511000AZP-10 (ZP-20) HMS511000ALZP-10 (ZP-20) 


HM511000AZP-12 
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m@ BLOCK DIAGRAM 


“~~ 
” 
(e) 
= 
2 
Net 
ro 
E 
< 
® 
“ 
¢ 
® 
7) 


HM511000ALZP-12 


RAS Control CAS Control 
Circuit Circuit 


Circuit 


256k 
Memory 
Cell 
Array 


256k 
Memory 
Cell 
Array 


256k 
Memory 
Cell 
Array 


Sense Amp. (PMOS) & !1/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & !/O Bus 
Sense Amp. (NMOS) 
Sense Amp. (NMOS) 
Sense Amp. (PMOS) & !/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & i/O Bus 


Row Decoder 


Row Address Buffer 


Column Address Buffer 
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Sense Amp (NMOS) 
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HM511000A Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 


Voltage on Any Pin Relative to Vsg —1.0to +7.0 Vv 
Supply Voltage Relative to Vsg —10to +7.0 V 
Short Circuit Output Current 50 mA 


Power Dissipation : W 
Operating Temperature Oto +70 i & 
Storage Temperature — 55 to + 125 °C 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Parca 


Note: All voltages referenced to Vgs. 


— 
Oo 


ni > 
ium 


e DC Electrical Characteristics (Voc = 5V +10%, Vss = OV, Ta = 0 to + 70°C) 


HMS511000A | HMS511000A HMS511000 HMS511000 HMS11000 
Parameter | Symbol /AL-6 /AL-7 /A-8 -10 /A-12 Unit| Test Conditions | Note 


Min ? 


Pel ST 
trc = Min 





Operating 
Current 


Standby 


I 
Current ce 





Refresh Current | I¢c3 


r= ofa OR 
trc = Min 
BS, 


peje[~|s felts] - | lee 
beet) 2 ss oe ee 


domed 
f) 










ss|e/-|sfele| - |» lel 
~ 
> 


Battery Back Up 
Current (Only {Icc4 4 
for L-Version) Cycling 
Standby I yi ; 
Current CCS VIL i 
Refresh CAS Before RAS 
C Ioce 0 50 40 | mA | Refresh 

urrent aT 

RAS = VIL 

Fast Page wre 
Mode Current Icc7 0 pe f-jo mA a 1,3 
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HM511000A Series 
¢ DC Electrical Characteristics (Voc = 5V +10%, Vss = OV, Ta = 0 to + 70°C) (continued) 


HMS511000A HM511000A HM511000 HM511000 HM511000 
Symbol /AL-6 /AL-7 /A-8 /A-10 /A-12 
= = _ Vout = Oto + 7V, 
foe] [=e] [elo |e] [om] [lB 
















Parameter 


— 
Ss 





Levels 


Notes: 1. I¢c depends on output loading condition when the device is selected. I¢c max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vy. 





3. Address can be changed once while CAS = Vyq. 
4. tras = tras (min) to 1 ps 
Input voltage: All pins: Vjyy 2 Voc — 0.2V or Vyz s 0.2V. 


e Capacitance (Vcc = 5V +10%, Tp = 25°C) 


Parameter Symbol Max Note 
Input Capacitance 
eS 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


e AC Characteristics (Ta = 0 to + 70°C, Vss = OV, Voc = 5V +10%) 
Test Conditions 


Input rise and fall times: 5 ns 
Input timing reference levels: 0.8V, 2.4V (Including scope and jig) 
Output load: 2 TTL Gate + Cy, (100 pF) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM511000A | HMS511000A | HMS511000A | HMS511000A | HM511000A 
/AL-6 /AL-7 /AL-8 /AL-10 /AL-12 | Unit | Note 


Parameter Symbol 


nei eras tRc 120 160 es 190 ee 220 

RAS Precharge Time tRP | 7m | — | 0 | — | o | — | 
RAS Pulse Width | 80 | 10000 | 100 | 10000 | 120 | 10000_ 
CAS Pulse Width 2 10000 10000 10000 
Row Address Setup Time Rees | 004 

Row Address Hold Time 


Column Address Setup Time 
Column Address Hold Time tcAH 


RAS to CAS Delay Time tRcp 8 
RAS to Column Address 15 

Delay Time 

RAS Hold Time trsH | 20 

CAS Hold Time tcsH 


ele 

w fb 

oS |S S|s 
S 


a S |e |S 1C |e 
° O}]u oO S S 


CAS to RAS Precharge Time | tcrp 


Refresh Period 
Gabe venn er | — | # | - | #[- | «| - | 
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HM511000A Series 
Read Cycle 


Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note 
vee eer ecreseterets totais 
Time to CAS RCH 
oe [=P [Pe [fe 
gba [> [-[>[- [|e f-[o[-fe 
Output Buffer Turn-off Time | torr | — | 20 | — | 2 | — | 2% | — | 2 | — | 30 | os] 6 
Write Cycle 

Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note 

[iin [Max | Min [Max | Min | Max | Min [ wax | Min [| Max 

Soe og0500085 
RAS Lead Time NE 
tities” (ew | | ~ | | - | | - | | - | | - | 
Data-in Setup Time ftps lly 207) Ss 0 ee Oe Oe ae 
Data-in Hold Time wu | 15 | — | is | ~ | 2 | ~ | » | ~ [a | ~ [ows] 
Read-Modify-Write Cycle 

Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note 


Mi 
155 190 


Read-Write Cycle Time | trwc 


| Min 
| 145 
RAS to WE Delay Time | trwp es 
a 


— 
© 


CAS to WE Delay Time | tcwp eed 
Column Address to t 
WE Delay Time AWD 
Refresh Cycle 
ee 11000A HMS511000A HM511000A HMS11000A HM511000A 
Parameter Symbol ee 6 /AL-7 /AL-8 /AL-10 /AL-12 
CAS Setup Time t 
(CAS Before RAS Refresh) | “CS 
CAS Hold Time t 
(CAS Before RAS Refresh) | ‘CHR 
RAS Precharge to CAS t 
Hold Time REC 


— 
© 


|S 
=) 
fe] 
Pa 
— 
So 


ris = po p= pa tt 
Pe p= fe p= pep 
Pao Psa ps PETS 
Heo eo SE 


Unit | Note 


Hel 
| 
4 
F 
i=} 
il 
=| 
F 
i=) 
Hl 
Be 
Fl, 
i) 
= 
x 
10 


— 
Oo 


N 
pe 
iw 
ee 
a 
=) 
~ 
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HM511000A Series 
Fast Page Mode Cycle 


HMS511000A HMS511000A HMS511000A HMS511000A HMS511000A 
Parameter Symbol /AL- 6 / AL-7 /AL-8 /AL-10 / AL-12 Unit | Note 


Min Max Min 


Fast Page Mode Cycle Time 


CAS Precharge Time ao 


Fast Page Mode RAS 
Pulse Width eae 100000 


13 


14 


Access Time from , 

CAS Precharge ACP 
RAS Hold Time ‘ 

from CAS Precharge RHCP 


Fast Page Mode Read-Modify-Write Cycle 


ae, 1000A HMS511000A HMS511000A HMS511000A HMS511000A 

Symbol ea 6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note 
i Min Max Min Max Min Max Min Max 

Fast Page Mode Read- 


Notes: 1. AC measurements assume Ka 3 ns. 
2. Assumes that tpcp S trcp (max) and trap < trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tpcp 2 trcp (max), trap = trap (max). 
2 
6 


eee |elel & 









Parameter 









. Assumes that tpcp < trcp (max), and trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Transition times are measured between Vy; and Vy. 
8. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that tp ac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

10. twcs, tnrwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read/write and the data output will contain data read from the selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

12. An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of 
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS 
refresh cycles are required. 

13. trasc is determined by RAS pulse width in fast page mode cycle. 

14. Access time is determined by the longer of taa, tcac or tacp. 
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HM511000A Series 
@ TIMING WAVEFORMS 





ZZ: Don't care 


e Early Write Cycle 


tac 
RAS —— 


i. ___'rsw 
t can 


saras tm WOM cme WO) 


High-Z 


Dow 
Notes) *1./77: Don't care 


® 2. twos twos (min) 
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HM511000A Series 


¢ Delayed Write Cycle 


tac 
RAS eS: 


ia Ritz. xm KOT 


: Don't care. 





e Read-Modify-Write Cycle 


ca I UM ir i 


"TTT | = WTI 


‘ ie ms 
_ 
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HM511000A Series 
¢ RAS Only Refresh Cycle 


RAS ae 


f Pl tape 
os LLLLLLLL) NSLLLISL LT IL 


tran 
tasr 


naires PLL LM Poe KI LLL LL LLL LLL LL. 


mses WW ILLLLLLLILLLLLULILLLLLu«U“_e 


High-Z 


: Don’t care 
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HM511000A Series 


e Fast Page Mode Write Cycle 


Beers 


naires 7K Bom a - es 1) eH), i TTI 


mmm 


We ll i _ we //1/™ 


ae KIX “EE 


; treo tecm trwt 


address 7) a= Column == Cola 2 a et He TEL, 
sous 


7 anne ane st Boa 


elem 
mba ma Leal hs X77 
wen oni 
Baa | — 


| tout n_ X Se 


°77A : Don’t care 
15-1 
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HM511000A Series 








Supply Current (Active) Supply Current (Active) 
vs Supply Voltage vs Ambient Temperature 
1.3 
ma we. <2 
E E 1.1 
2 2 
g 3 10 
a 5 og 
3 Z 08 
us 0 20 40 60 80 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
Supply Current (Active) Supply Current (Standby) 
vs Frequency vs Supply Voltage 


Supply Current Jcc1 (Normalized) 
Supply Current Jccz, CMOS Interface (Normalized) 








Frequency f (MHz) Supply Voltage Vcc (V) 
Supply Current (Standby) Supply Current (Standby) 
vs Supply Voltage vs Ambient Temperature 
1.3 
1.2 
ir 3 
E E 1.1 
>, Zz 
S is 
g s 1.0 
2 RS 
§ 5 
E 5B 09 
2 z 
3 g2 08 
075 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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0115-14 





RAS Access Time trac (Normalized) 


(Normalized) 


CAS Access Time tcac 


ae 


Address Access Time tas (Normalized) 


RAS Access Time 
vs Supply Voitage 


13 
1.2 
1 
1.0 
0.9 
0.8 
01930 47S 5.00 5.25 ~—~—«5.50 


Supply Voltage Vcc (V) 


CAS Access Time 
vs Supply Voltage 


Supply Voltage Vcc (V) 


Address Access Time 
vs Supply Voltage 





Supply Voltage Vcc (V) 
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RAS Access Time trac (Normalized) 


(Normalized ) 


CAS Access Time fcac 


Address Access Time faa (Normalized) 


HM511000A Series 


RAS Access Time 
vs Ambient Temperature 
1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
O15 20 a0 60 60 
Ambient Temperature Ta (°C) 
CS Access Time 
id vs Ambient Temperature 
1.2 
11 
1.0 
0.9 
0.8 
0.75 20 40 60 80 
Arabient Temperature Ta (“C) 
Address Access Time 
vs Ambient Temperature 
1.3 
1.2 
1 
1.0 
0.9 
0.8 
0.7 
0 20 40 60 80 


Ambient Temperature Ta (°C) 
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HM511001A Series 


1,048,576-Word x 1-Bit CMOS Dynamic RAM 


m@ DESCRIPTION 


The Hitachi HM511001A series is a CMOS dynamic RAM organized 1,048,576- 
word x 1-bit. HM511001A has realized higher density, higher performance and vari- 
ous functions by employing 1.3 wm CMOS process technology and some new 
CMOS circuit design technologies. 

The HM511001A offers Nibble Mode as a high speed access mode. 

Multiplexed address input permits the HM511001A to be packaged in standard, 
18-pin plastic DIP, 20-pin plastic ZIP and 20-pin plastic SOU. 


M@ FEATURES 
¢ High Speed 
ACCESS TIMG 24 is keen se eee ee oiene 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
e Low Power 
ACING ehciicen Onesta kee onan 495 mW/440 mW/385 mW/330 mW/275 mW 
SHANODY. 4 cricursauea rica we encsae gre ald ceo ean eu WG aoe AE AAS 11 mW 


¢ Single 5V Supply (+ 10%) 
e Nibble Mode Capability 
©6512 Retresh: Cycles: < 24.12 o5 cops Soe ee Seeks eho ee weeny Gimmes cee ts (8 ms) 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 


@ PIN OUT 
HMS11001AP Series 


HMS11001AJP Series 


(Top View) (Top View) 


HMS511001AZP Series 


Jeni 1 AQ 
CAS 2 
3 Dout 
5 Din 

7 RAS 
9 TF* 


Vss 4 
WE 6 
NC 8 
NC 
Al 


11 AO 

13 A2 
A3 

1S Vee 

17 AS 


19 A7 


A4 
A6 
A8 





(Bottom View) 


€) HITACHI 








HMS511001AP Series 


Fs 


(DP-18C) 
HMS511001AJP Series 


3DDP18C 


3DCP20D 


m@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ag Address Input 
Ao—Ag Refresh Address Input 
Ag Nibble Address Input 
Din Data Input 
Dout Data Output 
RAS Row Address Strobe 
CAS Row Address Input 
WE Read/Write Input 
TF*1 Test Function 
Vcc Power (+ 5V) 
Vss Ground 

Note: *1. TF pin can be connected with 


any line or unconnected pro- 
vided the voltage level of TF 
pin must be kept lower than 
Voc + 0.5V. 
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HM511001A Series 
@ ORDERING INFORMATION 



























Access Time 


Package Package 


HMS11001AP-6 er HMS511001AZP-6 iene 
HMS511001AP-7 ie oe HMS511001AZP-7 seat 
HMS11001AP-8 “pin HMS511001AZP-8 pin 
Plastic DIP Plastic DIP 
HMS511001AP-10 (DP-18C) HM511001AZP-10 (ZP-20) 
HMS511001AP-12 : HM511001AZP-12 ; 











HM511001AJP-6 


HMS511001AJP-7 mil 

HM511001AJP-8 “pin 

HM511001AJP-10 Plastic SOJ 
(CP-20D) 


HM511001AJP-12 


m@ BLOCK DIAGRAM 





256k 
Memory 
Cell 
Array 


256k 
Memory 
Cell 
Array 


Sense Amp. (NMOS) 
Sense Amp (PMOS) & |/O Bus 
Column Decoder & Driver 
Sense Amp (PMOS) & 1/O Bus 
Sense Amp (NMOS) 
Sense Amp (PMOS) & |/O Bus 
Column Decoder & Driver 
Sense Amp (PMOS) & |/O Bus 
Sense Amp (NMOS) 


Sense Amp (NMOS) 


Row Decoder Row Decoder Row Decoder 


Row Address Buffer Column Address Buffer 
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@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Rating Unit 


Voltage on Any Pin Relative to Vss —1.0to +7.0 V 


Supply Voltage Relative to Vss —1.0to +7.0 Vv 
Short Circuit Output Current 0 mA 
Power Dissipation 1.0 W 
Operating Temperature Oto +70 “Cc 
Storage Temperature —55to + 125 °C 
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HM511001A Series_——— 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to +70°C) 


Parameter a a Uni 
Supply V 
input High Votuge [Vm | ad ds Cd 


Note: 1. All voltages referenced to Vgs. 
¢ DC Characteristics (Voc = 5V +10%, Vsg = OV, Ta = 0 to +70°C) 





HM511001A 


Parameter | Symbol a a ae Ne ae Unit Test Condition Note 
bere Max | Min [ Max | Min [ Max | Min | Max | Min [ Mar 


SIRES Oe GeOe ose 
urrent tro = Min 
SBRBEBRBee eae 
Standby I Dout = High-Z Interface 
- -EP 





Current RAS, CAS = 
Vee = 02V oe 
Dout = High-Z 


Interface 


p= 
ae 





Refresh ee ay Refresh, 


i 
i 


Standby 

Refresh 

Nibble 

Mode Icocs 70 
Current 

Input 

a DEINE 
Output = _ 
Leakage e Z 


Output 
ak 


|= | | = Min 
RAS = Vin, CAS = VIL 
Dout = Enable 
CAS Before RAS 
ISOSOE Refresh, tpc = Min 





Levels 


© foe ~~] 


) 
_ 
ols 
Q 
EP 
NY 
pp 
olx< 
Q 
iB 
bo 
uN 
<i 
Q 
QD 
wl | 
FILS 
< 
Q 
Q 
ie) 
ip 
< 
Q 
Q 
|<[<! 
re) 
= 
ll 
I 
iw 
3 
> 


Notes: 1. Ic¢cc depends on output loading condition when the device is selected. I¢c max 1s specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vy. 
3. Address can be changed once or less while CAS = Vyqy. 


e Capacitance (Vcc = 5V +10%, Ta = 25°C) 


Parameter Symbol Typ Max Note 
Input Capacitance Address, Data Input ee ee 
AC ESA RE WE RE 


Notes: 1. Capacitance measured with Boonton Meter or ae capacitance measuring method. 
2. CAS = Vy to disable Doyt. 
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HM511001A Series 
e AC Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV)!; 10 


Test Conditions 


Input Rise and Fall Times ................ cece eee 5 ns Output Load ................ 2 TTL Gate + C, (100 pF) 
Input Timing Reference Levels ............... 0.8V, 2.4V (Including Scope and Jig) 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 


HMS11001A 





vn | 
Random Read or Wri 
a= [= [=| - [=] - [of - [=] - [=| — 


Row Address Setup Time tas 


120 
| 60 
0 
Column Address 
Setup Time tasc i 


= 





ot | et + + ‘ot = > 
QO |x zw > fe) wn 


Pp —-jfo}-—fo/] —-| 
a_* s{-|»|-]»|- || - |] - | 
CAS to RAS 
= . 
| — | | — | 


Refresh Period ier | ee) | 


Read Cycle 
HM511001A 


Mi 


Access Time 

fmt | rac | - | | - | | - | @ | - | | - | mo] » | 2s 
Access Time 

fmtae | tcc | - |] - | | - [| s[-|s|- [| = | 
Access Time 

‘rks | (-| | -|s/-| | -| «| - |] = |x 
Read Command t 

Setup Time RCS 

Read Command 

Hold Time tRCH 

Referenced to CAS 

Read Command 

Hold Time tRRH 10 10 10 

Referenced to RAS 

Column Address 

to RAS tRAL 30 35 45 55 

Lead Time 

Output Buffer 

fantoey | or |-| >] -|~}-|»{-[s}-| |=] > 
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HM511001A Series | 





Write Cycle 
HMS11001A 

Write Command t 8 
Setup Time ws 
Write Command 
Hold Time Fw fs | — [os | - | | - |] - fs] - |» | 
Write Command 
Pulse Width "WP po} -{o[-]s]-|s[- ||] -| =| 
Write Command to 
RAS Lead Time jam | | — | | — | | - || -| | - | | 
Write Command to 
CAS Lead Time tom | | - | | - |=] - |] - |] - |» 
Data-inSetupTime | tps | 0 | — | o | — | o | — {| o | — [| o | — | os | 
Data-inHoldTime | tpn | 15 | — | 15 | — [| 2» | — | » | — | 3 | — [| w | 9 


Read-Modify-Write Cycle 





Parameter 


Read-Write Cycle Time tRWCc 
RAS to WE Delay Time | trwp | 60 | 


CAS to WE Delay Time | tcwp 0s est 
Column Address to ' 30 
WE Delay Time AWD 


Refresh Cycle 


oo | oO 


wn 
< 
= 
s 
5 
——, 


oO 





HM511001A 


CAS Setup Time t 10 

(CAS Before RAS Refresh) | “CSR 

CAS Hold Time 

Gasnawekasraey | om | 6 | - | 5 | - |» |- || -|s|- fo 
RAS Precharge to 

canine | we | | - | | - |e} -[e}-[»}-|[= 


Nibble Mode Cycle 


HMS511001A 
Nibble Mode CycleTime | tne | 40 | ieee ses 


tile Made le Tie | i p= [a [Te 
Peete [er | | ~ | | ~ | | ~ |e] ~ | o| ~ | w 
raeira | ea | | ~ [om | | ms | = | om | | om | | 
naw | same] | = | @ | ~ | »] | {| of - fa 
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HM511001A Series 
Nibble Mode Read-Modify-Write Cycle 


HM511001A 


Nibble Mode Read-Modify- 

Write Cycle Time jwwawe | 6 | — | os 
Nibble Mode Write Command t 20 20 
CAS Lead Time Nee 

Nibble Mode CAS to 

WE Delay Time [town | 2 | — | 2 | 


Notes: 1. AC measurements assume tr = 5 ns. 

2. Assumes that tpcp < trcp (max) and trap Ss trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that tpcp 2 trcp (max) and trap S trap (max). 

5. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

6. Transition times are measured between Vyyy and Vy. 

7. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 

8. twcs and tcwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the cycle is a read- 
write and the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

10. An initial pause of 100 ps is required after power-up followed by eight initialization cycles (any combination of cycles 
containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS refresh 
cycles are required. 

11. If trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 





as 
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HM511001A Series 
@ TIMING WAVEFORMS 
ead Cycle 


ee 
<sOc UL ZIIITITILL 


Addre ss/PX Row 4 


ie RUIZ. 


Valid 
Output 


Y///\. Don’t care 





¢ Early Write Cycle 


so KO WII. 


“mmm mmm 


Not : Don’t care 
2. twos t wes (min ) 
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HM511001A Series 
¢ Delayed Write Cycle 


PS 
= 
“aire Dl om KODA 08 KILL LLL L. 


ton 
alid 


pales 





e Read-Modify-Write Cycle 


a" s 
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HM511001A Series 
e RAS Only Refresh Cycle 


a a UMMM 


DL KOMMMLLLLLLLLLLLLLLLL LLL. 


High-Z 


Notes 1. GA : Don’t care 


2. Refresh address AO-A8( AX0-AX8) 





e CAS Before RAS Refresh Cycle 


High-Z 


* Don’t care 


- We MEMO me Spoge Fipeay 


Outp na Saree 


V/77} : Don’t care 
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HM511001A Series 


© Nibble Mode Write Cycle 








: - 
a a 
ip l=paden| ial 
rare DX 8 DL comm DEI ILL LLLLLL LLL LLL LLL. 


i | ot 
™ [TIT Te as ae 
war PANE, PHoptorei iisi/ 


High-Z°2 


RAS 


Notes: 1. ae re 
na 


0116-12 


e Nibble Mode Read-Modify-Write Cycle 


a 


YE me ol eo 


| iis a 
TT MEMO EK. 
(Se) —1 Sa) 
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HM511001A Series 


Supply Current (Active) Supply Current (Active) 
vs. Supply Voltage vs. Ambient Temperature 
1.3 1.3 
3 1.2 is 1.2 
Ea E 11 
é Zz 
8 410 5 1.0 
5 P 
E o 
5 09 5 0.9 
Ay 
6 (0.8 gf ©6008 
0.7 0.7 
4.50 4.75 5.00 5.25 5.50 0 20 40 60 80 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
Supply Current Supply Current (Standby) 
(Active) vs. Frequency vs. Supply Voltage 


Supply Current Jcci1 (Normalized) 





Supply Current Jcce, CMOS Interface (Normalized) 








Frequency f (MHz) Supply Voltage Vcc (V) 
Supply Current (Standby) Supply Current (Standby) 
vs. Supply Voltage vs. Ambient Temperature 
1.3 
a _ 12 
z z 
S 3 
E E41 
z Zz 
g g 1.0 
ro ra 
a o 
5 5 og 
> 2m 
i e 
8B A 08 
0.7 
0 20 40 60 80 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
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RAS Access Time trac (Normalized) 


CAS Access Time tcac (Normalized) 


RAS Access Time 
vs. Supply Voltage 

1.3 

1.2 

11 

1.0 

0.9 

0.8 

0.74750 4.75 5.00 5.25 


Supply Voltage Vcc (V) 


CAS Access Time 
vs. Supply Voltage 





Supply Voltage Vcc (V) 


RAS Access Time trac (Normalized) 


CAS Access Time tcac (Normalized) 
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HM511001A Series 


RAS Access Time 
vs. Ambient Temperature 


0.9 


0.8 


0.7 


oS 


20 40 60 80 


Ambient Temperature Ta (°C) 





CAS Access Time 
vs. Ambient Temperature 


0.9 
0.8 


Jl 
, 0 20 40 60 80 
Ambient Temperature Ta (°C) 
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HM511002A Series 


1,048,576-word x 1-bit CMOS Dynamic RAM 


Mm DESCRIPTION 


The Hitachi HM511002A Series is a CMOS dynamic RAM organized 1,048,576- 
word x 1-bit. HM511002A has realized higher density, higher performance and vari- 
ous functions by employing 1.3 4m CMOS process technology and some new 
CMOS circuit design technologies. The HM511002A offers Static Column Mode as 
a high speed access mode. 

Multiplexed address input sennits the HM511002A to be packaged in standard 
18-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 


M@ FEATURES 
e High Speed 
ACCESS TING akon toed eee eases 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
e Low Power 
BIANGOY cc's hed eek ced we ee oy Rela ed Roaie te eee Len ee ies 11 mW 
PCUNG sis ieecsd ae ede ete eeaietes 495 mW/440 mW/385 mW/330 mW/275 mW 


e Single 5V Supply (+ 10%) 
e Static Column Mode Capability 
© 512 ROMESH CYCIOS: 4h uuess en tun luind send Exaea tiue oii ea Seaet mua aes (8 ms) 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 


@ PIN OUT 
HMS511002AP Series 


HMS511002AJP Sereis 
Hitachi Pin No. 


(Top View) (Top View) 


HMS511002AZP Series 


1 A9 
3 Dout 
5 Din 
7 RAS 
9 TF*! 
11 AO 
12 
13 A2 
14 


15 V 
16 cc 

17 AS 
18 

19 A7 
20 


(Bottom View) 
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HM511002AP Series 


¥s 


3DDP18C 


(DP-18C) 
HM511002AJP Series 


3DCP20D 


3DZP20 


(ZP-20) 


@ PIN DESCRIPTION 


Pin Name Function 
Ag—Ag Address Input 
Ag-Ag Refresh Address Input 

Din Data Input 

Dout Data Output 

RAS Row Address Strobe 
cs Chip Select 

WE Write Enable 

Vec Power Supply (+ 5V) 
Vss Ground 

TF*! Test Function 


Note: *1. TF pin can be connected 
with any line or unconnected 
provided the voltage level of 
TF pin must be kept lower 
than Voc + 0.5V. 
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HM511002A Series 
M@ ORDERING INFORMATION 


Access Time 





Part No. Package 





Package 








HMS511002AP-6 HM511002AZP-6 
HMS511002AP-7 300 mil 18-pin HMS511002AZP-7 400 mil 20-pin 
HMS511002AP-8 Plastic DIP HMS511002AZP-8 Plastic ZIP 
HMS11002AP-10 (DP-18C) HMS511002AZP-10 (ZP-20) 





HM511002AP-12 
HM511002AJP-6 


HM511002AZP-12 









HM511002AJP-7 300 mil 20-pin 
HM511002AJP-8 Plastic SOJ 
HM511002AJP-10 (CP-20D) 


HM511002AJP-12 





m@ BLOCK DIAGRAM 


WE 
Circuit 
1/0 Buffer 





(NMOS) 


Sense Amp. 

Column Decoder & Driver 
Sense Amp. (NMOS) 
Sense Amp. (NMOS) 

Column Decoder & Driver 


” 
a 
0 
oO 
= 
8 
a 
Oo 
= 
a 
ew 
a 
E 
< 
@ 
” 
c 
d 
vn 


Sense Amp. (PMOS) & !/O Bus 

Sense Amp. (PMOS) & 1/O Bus 

Sense Amp. (PMOS) & |/O Bus 
Sense Amp. (NMOS) 


Row Address Buffer Column Address Buffer 
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HM511002A Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter _— Unit 
Voltage on Any Pin Relative to Vss V 
v 
ee 


Supply Voltage Relative to Vsg 
Short Circuit Output Current 


Tout 
Power Dissipation pO W 
Operating Temperature ~oes °C 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to +70°C) 


Note: 1. All voltages referenced to a 
e DC Electrical Characteristics (Voc = 5V +10%, Vsg = OV, Ta = 0 to + 70°C) 


HMS511002A fee al HM511002A | HM511002A | HMS511002A 
Parameter | Symbol -8 -10 
Operating 
Current 


Standby I =|: 
Current CC2 = 


' 
nN 


Test Conditions Note 





RAS, CS Cycling 12 
trc = Min : 


TTL TTL Interface 
RAS, CS = Ving 
Dout = High-Z 


CMOS Interface 

RAS, CS = Voc — 0.2V 
Dout = High-Z 

RAS Only Refresh 

trc = Min 

RAS =e VID cs = VIL, 
Dout = Enable 





Refresh I 
Current CC3 
Standby I 
Current CCS 


1 


Refresh I CS Before RAS Refresh, 
Current CC6 trc = Min 

Static Column 

Input 

Leakage tu j= 10] 0 | iia ened 


Output I 
Leakage LO 
toes [vor Do bos [0 | os 


Notes: 1. I¢c depends on output loading condition when the device is selected. Icc max is a at a output open condition. 
2. Address can be changed less than three times while RAS = Vyr. 
3. Address can be changed once or less while CS = Vy. 


Des = Disable 


LA 
_ 
~ 
© < — peo aS BN > wm 
ne Q O S oO oO wm we = t =) 
= | = 3 3 3 3 3 3 = 
Sepia art 


e Capacitance (Voc = 5V +10% Ta = 25°C) 


Address, Data Input 
Input Capacitance 


Notes: 1. Capacitance measured with Boonton Meter or PTs capacitance measuring method. 
2. CS = Vyqx to disable Doyt. 
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HM511002A Series 
e AC Characteristics (Ty, = 0 to +70°C, Vcc = 5V +10%, Vgg = OV)1, 17 


Test Conditions 


Input Rise and Fall Times 5 ns 
Input Timing Reference Levels 0.8V, 2.4V 
Output Load 2 TTL Gates + C, (100 pF) 


(Including scope and jig) 


Read, Write, Read-Modify-Write and Refresh Cycle (Common Parameters) 





eee ee [tin [Mex [Min [Max [Min [Max [Min [Max [Min [Max |" | 
vaccum [we | | — | we | — | | — | | - | m| — |»! 
err [we | |-l*{-l*[-lel-l*l-[* 
Time a 
CS Puke Width | tp 0000 ioo00 | _25_[ ro000 | 30 | 10000 | 30 | 10000 | os | 
sme” fm | © | - |e | | «| eo | ~ |e | - || 
Setup Time ASR 
ae fw fe|-lel-le|-l*[-l=|-1= 
gma ow Pe [Te [=P Tf  [f 
Setup Time ASW 
gaan [tow | | ~ [| | |» | -{ 2 | - |» | | | 
pam (wo | 2 | © | | | 2 | s | s | m | s | | | 
pears [oes | ® | — | w | ~ |» | - | » | - | » | - | 
re-charge Time 
sar > le>lP elle -P 
(Rise to Fall) 
Read Cycle 

, | Hsi10024-6 | HMs110024-7 | HMs110024-8 | HM511002A-10 | HMS11002A-12| | 

su (~|-»|-[={[-le|-[* = 


Read Command t 

Setup Time RCS 

Read Command Hold ; 

Time to CS RCH 

Read Command Hold 

eee [owen | | - | @ | - [| | - |» | - | © 
Column Address to 

iwi’ fw | >} - | s|-[@}- | »|-[» 


wm wily 
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HM511002A Series 
Read Cycle (continued) 


p ; Sa bel HMS511002A-6 | HM511002A-7 | HM511002A-8 | HM511002A-10 | HM511002A-12 
arameter moo. 
: — Max = Min | Max | Min Min | Max | Min | Max 


RAS to Column Address 
Hold Time 
Output Hold Time 


Unit | Note 


=) 
a 
aA 
Ww 
es 
— 
oO ON 


Output Buffer : 

Turn-off Time OFF 

Column Address Hold Time 

OAS one ee terat ces mo | | 

Write Cycle 
. ; eee HMS511002A-6 | HM511002A-7 | HMS511002A-8 | HM511002A-10 | HM511002A-12 are ee 
arameter 0. ni ote 

ii Min Min | Max [Min [ Ma 


Write Command t 
Setup Time wes 
Write Command t 
Hold Time WCH 
Write Command 
Write Command 
Write Command to 
wom [1 -l>|— 
Write Command to 
Data-in ' 
Setup Time DS 
Data-in 
a 
Data-in Hold t 
Time to RAS DHR 
Column Address Hold t 
Time to RAS or Write | “AWR 
Read-Modify-Write Cycle 


Read-Write 

ie aoe 
RAS to WE ; 70 

Delay Time RWD 

CS to WE 

Duy [tw | > | — | » | — | 
Column Address to 

We Da Tn SSE 
Output Hold Time 

from WE 


— 
jo) 


nN 
(oy 


nN — ~~ 
wr WN wr 


— 
— 


Ww 
je 

— 

>) 
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HM511002A Series 
Refresh Cycle 


> 


-12 
Parameter 


CS -S Setup Time ¥ 
(CS Before RAS Refresh) tcsR 
CS Hold Time _ 
SamwenAsratan tom | 1 | — | | - | m | 
RAS Precharge to CS ; ‘ 
Hold Time ZRH 
SC Mode Cycle 


HM511002A-6 | HM511002A-7 | HM511002A-8 | HM511002 
Parameter Symbol : 


SC Mode 

SC Mode RAS 

RAS to Second WE ; 6 

Delay Time RSWD 

SC Mode CS ; a 
Precharge Time sI 


Write Invalid Time | tw] 


Unit | Note 


HMS511002A-6 | HM511002A-7 | HMS511002A-8 | HM511002A-10 | HM511002 
ymbo 
i Min 


— 
ja) 


co) 


— bo — <= 
pS) 
ms 

i 
fe le 
& 
al 


— 
So 


> 


-10 | HM511002A-12 
Min 


Unit | Note 


2 


— 
in 


-10 | HM511002A-12 


Parameter Unit | Note 


MN 

we 

3 
HL 
eo 
<= 
hath 
S 
ho 
> 
ON 
a 
1s 
= 
SS} 
> 
J 
|e 
S 
bo 
> 
oo 
ae 
k= 
3 
i we) 
> 


eee feet tet te 
gaa [-[e[-[>]-[o[— 
=e 
sect [owl [= [|= [oe [=| 
sw Ie [-[e[-P [Tel 


F 
foo) 


HE 


120 


— 
wR 


=] 
— 
ws 


wm a = 
eli fsfal [ 
fs ao 
J 
— 
— 
in 
77) MN 
X 
— 
oe) 


Ww 
So 
prose, 
— 
wn 
Los) 
ws 
nN 
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HM511002A Series 


Notes: 


1. 
. Assumes that tpcp < trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 


NO 


Num & WD 


own 


10. 


11. 


E2. 
13. 


14. 
15. 


16. 
17. 


AC measurements assume ty = 5 ns. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that trop 2 trcp (max), trap S trap (max). 


. Assumes that tpcp * trcp (max), trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 


voltage levels. 


. Transition times are measured between Vy} and Vqyz. 
. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 


if tpcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tacs. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

tsrw (min) = tawp (min) + trwap (max) + tr. 

Assumes that thrwap S tLwap (max). If tuwap is greater than the maximum recommended value shown in this table, 
taLw exceeds the value shown. 

Assumes that thuwap 2 tLwap (max). 

Operation with the thwap (max) limit insures that ta;w (max) can be met, thwap (max) is specified as a reference point 
only; if thuwap is greater than the specified tt wap (max) limit, then access time is controlled exclusively by ta aq. 

taHR 1s defined as the time at which the column address hold. 

An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of 
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS 
refresh cycles are required. 








@ TIMING WAVEFORMS 
¢ Read Cycle 


116 





nn: 


LAR 
a 


Address eX Column eS UL 


LELEL LL) WT 


tRRH 


4 Valid Output 


(77777): Don't Care 
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HM511002A Series 
e Early Write Cycle 


1 pst 
. ans TTT 





, | te 
mm 


aerrrertrenmpiantnenapere ever 


~ TTT am TTT 


High-Z * 2 


Notes) *1.(7777/: Don't Care 
* 2. twos & twes (min) 
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HM511002A Series 
e Read-Modify-Write Cycle 


lawc 
taser =} 


ot 
sai UR RL me KELL TLL LLL 
arn 


We mma} + ATT 


sihehiedtal SMULLLLLLLL 
easel <i 1 Dont Care 





© RAS Only Refresh Cycie 


tzp 


TITLIL IF TITLE 


CS 


Man TT MI I 


Dout High-Z 


Notes) #1.1Z////: Don't Care 
* 2. Refresh address A0-A8(AX0-AX8) 
0117-8 
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HM511002A Series 


= —— 


if 


: Don’t care 





e Static Column Mode Read Cycle 


trasc 


=e eer aes 
eee 


_ - 
sire A= HO = an) oe a 
ae 





pee 


<q 
* LLL a iY 
GE = 


ae Val 
aca: tees KIA Sine PL ows 


(7777/ : Don't Care 


0117-10 
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HM511002A Series 
¢ Static Column Mode Write Cycle (1) 


js JOE Oe Colum ee 7) Tr * XLLLLL TIS |) /, 


=e aot 


mms oo of=0G st = WZ 


Notes) *1 V/////: Don't Care 
*2 twos twos (min) 
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HM511002A Series 


¢ Static Column Mode Write Cycle (2) 


Bee ma 


umn 2 fctmns | 3 


Td ie Cc 


waits = 120mm 


Notes) ce = care 
*2.¢ > twes(min) 





HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 121 





HM511002A Series 
e Static Column Mode Read-Modify-Write Cycle 


paves TA to ee a, ieee eee 
== Chey 


NY MLL, 


Din UME: cabs LALLA LD 
ota 
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Supply Current Jcc1 (Normalized) Supply Current Jcc: ‘ Normalized) 


Supply Current Jcc2 (Normalized) 





HM511002A Series 


SUPPLY CURRENT (ACTIVE) SUPPLY CURRENT (ACTIVE) 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 
1.3 1.3 
1:2 ay 1.2 
1.1 E 1.41 
2 
1.0 2 10 
0.9 5 0.9 
0.8 B 0.8 
0.7 0.7 
4.50 4.75 5.00 5.25 5.50 0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT (ACTIVE) SUPPLY CURRENT (STANDBY) 
vs. FREQUENCY vs. SUPPLY VOLTAGE 





Supply Current [ccz, CMOS Interface (Normalized! 





Frequency f (MHz) Supply Voltage Vec (V) 
SUPPLY CURRENT (STANDBY) SUPPLY CURRENT (STANDBY) 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current fccz (Normalized) 





Supply Voltage Vec (V) Ambient Temperature Ta (°C) ee 
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HM511002A Series 








RAS ACCESS TIME RAS ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 
1.3 1.3 
Ry (2 B12 
Boat > 14 
é 1.0 é 1.0 
e E 
a f~ 
g 0s g 0.9 
< < 
Nn ”n 
S 0.8 = 0.8 
0.7450 4.75 5.00 5 25 5.50 075 20 40 60 80 
Suppply Voltage Kc (V! Ambient Temperature Ta (°C) 
CS ACCESS TIME CS ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 
1.3: 
= _ 1.2 
E 3 
Z E 1.1 
: z 
g g 1.0 
E a 
= E 
g = 09 
: 
é - 0.8 
O 
ae 20 40 60 80 
Suppply Voltage Vic (V) Ambient Temperature Ja (°C) 
ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 
1.3 
3 Boi 
3 : 
e 3 
Z 6. 4a 
sz 2 
: 2 09 
3 3 08 
<< 
0.7 
0 20 40 60 80 
Suppply Voltage Vcc (V) Ambient Temperature Ja (°C) 


0117-16 
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HM511664 Series 


65,536-Word x 16-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM511664 are CMOS dynamic RAM orga- 
nized as 65,536-word x 16-bit. HM511664 have realized 
higher density, higher performance and various functions by 
employing 0.8 wm CMOS process technology and some 
new CMOS circuit design technologies. The HM511664 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM511664 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 


m@ FEATURES 


e Single 5V (+10%) 
¢ High Speed 
Access Time ...........2 00 e eee 80 ns/100 ns (max) 
e Low Power Dissipation 
ACUVE MOdG: ces. cotee sch oh hades en eae TBD 
Standby Mode................. eee eee 11 mW (max) 
e Fast Page Mode Capability 
e Byte Write Capability 
e 256 Refresh Cycles ......... 0... cee eee eee eee es (4 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 


MM ORDERING INFORMATION 


HM5116643P-8 80 ns 
HM511664JP-10 100 ns 













Package 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 
475 mil 40-pin 
Plastic ZIP 
(ZP-40) 

















HM511664ZP-8 
HM511664ZP-10 


80 ns 
100 ns 






@ PIN DESCRIPTION 


Pin Name Function 

Aog-A7 Address Input 
Refresh Address Input 

1/0;-l/Oi1¢6 Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
Uw Read/Upper Byte Write Enable 
LW Read/Lower Byte Write Enable 
OE Output Enable 
Vcc Power (+ 5V) 
Vss Ground 
NC No Connection 





@ PIN OUT 
HMS511664JP Series 


Vee C1 
1/01Cj2 
1/0203 
1/0344 
1/04C]5 
1/05 C6 
1/06 C7 
1/0708 
1/08 Cj9 


NC C]10 
Vee C11 
UWwC]12 


twcd13 
RASCH14 
nee 
ALCI16 
a2Cj17 
A3C118 


A419 : 
Vee C]20 21 





(Top View) 
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Preliminary 


HMS511664JP Series 


3DCP40D 





3DZP40 


(ZP-40) 


HM511664ZP Series 


a en 
1/09 2 ON 


1/011 4 —=3 1/010 
1/013 6 5 1/012 

tt? 6/014 
0 


1/016 


Ves a) —— 
mad 11 
1/02 = ie 


} ee 13 Vee 
1/193 14 
= is 1708 


40Vss 
39(01/016 
ss 0%8 
271/014 
3601/013 
48001012 


1 Ul1 
1/010 





(Bottom View) 





HM511664 Series 
@ TRUTH TABLE 


Operation 
I/0;-I/Og I/O9-1/O1¢6 


High-Z Standby 

High-Z Refresh 

Dout Read 

Don’t Care Lower Byte Write 
Din Upper Byte Write 
Word Write 


au eae cal coal oo ce» 
poveras 

= 
comemam| Sl eS 


w 
> 
7) 
Q 
> 
7) 


-coneaalg 
S| 
es! 





in 
High-Z 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Value Unit 
Voltage on Any Pin Relative to Vsg —1.0to + 7.0 Vv 
Supply Voltage Relative to Vss Vcc —1.0to +7.0 Vv 
Short Circuit Output Current 
Power Dissipation 
Operating Temperature Oto +70 2c 
Storage Temperature — 55 to + 125 a O 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter Symbol | Min | Typ Max Unit Note 
eee a ae 


Input High Voltage Ving 


Notes: 1. All voltage referenced to Vgs. 
2. The device will withstand undershoots to the —2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
figure 1.) 


° 
= 
> 


— | 
Nth 


ON | 


-1.0 V 
-1.5 V 


-2.0 V 


20 ns(max) 





Figure 1. Undershoot of input voltage 
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SSS CUHHM511664 Series 
¢ DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


HMS511664-8 HMS511664-10 
n | Max | Min | Max | Unit Test Conditions Note 


Parameter Symbol 


RAS, CAS Cycling 





Input Leakage Current Int — 10 — 10 


Output Leakage Current Ito — 10 — 10 


OV < Vin < 6.5V 


OV < Vout < 5.5V, 


Output High Voltage Vou Voc Voc Vv High fot = = —2.5mA 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is are at the output open condition. 
2. Address can be changed once or less while RAS = Vj,. 


Operating Current TBD | oma | tec = Min l, 
TTL Interface 
2 mA RAS, CAS = Vy, 
Dout = High-Z 
Standby Current Icc2 —— 
CMOS Interface RAS, 
1 mA CAS 2 Vcc — 0.2V, 
Dout = High-Z 
RAS = Vy, 
Standby Current Iccs TBD mA i VIL 1 
Dout = Enable 
CAS Before RAS Refresh 


3. Address can be changed once or less while CAS VIE- 


¢ Capacitance (Ta = 25°C, Voc = 5V +10%) 


Parameter Symbol Typ 
Input Capacitance (Address) 


Input Capacitance (Clocks) Ch 


Output Capacitance (Data-in, Data-out) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyqxy to disable Doyt. 


Unit Note 


i) 
Pal 


Co id jd 
— 


ri 


| 
— 
NO 
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HM511664 Series 


e AC Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV)1, 14, 15, 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Parameter Symbol Unit Note 
Random Read or Write Cycle Time trc 135 aaa 
RAS Precharge Time RP a ae 
RAS Pulse Width tras | 80 | 10000 | 100 
CAS Pulse Width tcas 40 


Row Address Setup Time tASR 


a ae 

Row Address Hold Time tRAH | to | | 
po | — 

| | 


Column Address Setup Time 


| 
| tras | too | 
| tcas | 40 | 
| tasr | eae 
| RAH 
ae 
Column Address Hold Time Ee 5 
| 20 | 
RAS to Column Address Delay Time 
| Rs | 4 
| tes 
| tore | 0 
| topp _| ae 
| tpzo Peat al 
| tpze po 
| REF Led 


RAS to CAS Delay Time 20 8 
9 

CAS to RAS Precharge Time tcRP a ae eee 
OE to Dj, Delay Time a0 ke ee ee a 
OE Delay Time from Dj, tpzo fe ae ee 
CAS Setup Time from D;, tpzc ee Peer | 
Transition Time (Rise and Fall) T 7 
Refresh Period tREF =e ae 

Read Cycle 

Write Cycle 
Write Command Setup Time a ee a ee a 10 
Write Command toRASLeadTime | tewe | 20 | =~ | 20 | os 
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HM511664 Series 
Read-Modify-Write Cycle 





‘ : ere HMS511664-8 HMS511664-10 Gat aa 
arameter mbo ni ote 
Refresh Cycie 
Fs ; aot HMS11664-8 HMS511664-10 iii ty 
arameter mbo ni ote 
CAS Setup Time ' 10 
(CAS Before RAS Refresh Cycle) CSR 
CAS Hold Time t 10 10 
(CAS Before RAS Refresh Cycle) CHR 
Fast Page Mode Cycle 
: : ae HMS511664-8 HM511664-10 it et 
arameter mbo ni ote 
yatel [Min Man 
Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge tcpw 70 
to WE Delay Time 


aa 
ia 


Fast Page Mode Read-Modify- ‘ 
Write Cycle Time PCM 


Counter Test Cycle 








HMS511664-8 HMS511664-10 
Parameter Symbol Unit Note 
[Min [Min 
CAS Precharge Time in 
Counter Test Cycle tr | @ | - | ® | - | ow 


Byte Write Mode 


HMS11664-8 HMS511664-10 
Parameter Symbol Unit Note 
Masked Write Setup Time 


Masked Write Hold Time ; 
Referenced to RAS MRH 
Masked Write Hold Time ; 
Referenced to CAS MCH 
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HM511664 Series 


Notes: 


130 


1. 


AC measurements assume ty = 5 ns. 


2. Assumes that tpcp S trcp (max) and trap S trap (max). If trop or trap is greater than the maximum recommended 


& WwW 


10. 


11. 


12. 
13. 
14. 


15. 
16. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 1 TTL load and 50 pF. 
. Assumes that trop 2 trcp (max) and (tpcp — trap) 2 [trcp (max) — trap (max)]. 
. Assumes that trap 2 trap (max) and (trop — trap) ¥ [trcp (max) — trap (max)]. trac, tcac, and ta, are 


determined as follows. 


trap = trcp - [trcp(max) - trap(max) ] 


tcac 


trcp min. trcp max. 


trcp[ns ] 





. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vi (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyy and Vy. 


. Operation with the trcp (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 


if trcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of ta, or tcac or tacp. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

When both LW and UW go low at the same time, all 16-bits data are written into the device. LW and UW cannot be 
staggered within the same write cycle. 
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¢ Early Write Cycle 


CAS 


Address 


ZI 


LW 


RC 
tras | 
al tap 
Gm 
tr 

taro teas t 

t b¢ H | 

! ~ 

—<co————— 


? | 
7.) 


Cow 








tos tou 


Raia 
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tca 


S RP 
tcsH | 
| pee 


2 


5 





— 0 —- - 


Din 
1/0 1-1/08 
High-Z 
out 


Vl Kill 


Din 
/09-1/016 
h 
Dout 19 


He Uy} > Vin or Vit 
¥** OE : Vin or Vit 
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adress af -_— 


ae: ae TT YW 
~ ff YU 
= — " Will 


aa Ulli 


High-Z 


—————E 


h- 
Oe aaa ee ene ren AL). 





N 
afi 
22 
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e Delayed Write Cycle 


tec 

eee en oe 

tras tap 

a fd 
| 
RAS 
tcsH tcrp 
tr 





—_ 
bakes 

ee ee KOU 

» WY’ i <7 777 


eel 


topo a 
Invalid \ 


Dout** 
/ 


7% . 
Wi, ° Ving or Vit 
** Invaiid Dout comes out 





Din 
1/0 1-1/0 16 






tozo.| | 
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UW 


TW 


Din 
1/0 1-1/08 


Din 
1/09-1/0 16 


Dout 
OE 


a 
Les 
= mi 


e Upper Byte Delayed Write Cycle 





| 
tucs > tos rh Us tucH 


MMMM ltd 


toeH 
Invalid 


tozo 












Invalid 


out** ) 


YA 
** Invalid Do 


ut, when OE is low level. 
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tMCS— p> 


” Wid a = 
: 7 WM 


~ a_i = Co 


a — 





. — ae 5 


** Invalid Dout comes out, wnen OE is low level 
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e Read-Modify-Write Cycle 


trp 
| 
tcrp 







—e Sy 





7 


. wa = 





= See 





PUR RREAS |, Kent center 
torr2 


WL 


‘ : Ving OF Vit 
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= = ll: 


Address YHyyyp Row 


CAC 


- laa 


i 





ous —F i az 
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HM511664 Series 
¢ Hidden Refresh Cycle 
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HM511664 Series 
e Fast Page Mode Read Cycle 
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HM511664 Series 
e Fast Page Mode Early Write Cycle 
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e Fast Page Mode Upper Byte Early Write Cycle 


treo | tcas 


oe “TE oS = “al dll 7 


a 























: oe = 


"TD ae aie — 
=a 


igh-Z 


and ete cele 


High-Z 


OE : Vin or Vit 
— yy ; Vin or Vin 


0074-20 


© HITACHI 
i ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005- 


trasc 


tes tec 
ee 
tr Q t t t 
CAS P CAS | CRP 


Address ; Row @D Gp | Y Col 


Lf 


bf 
VI. 


tmicH 
| ie t 
MRH 


| | 
7. 


" a. 


ede 
CY 
UY 





Cy; 
vat 





a 


igh-Z 





MMA dé 


Dout 
Din 
1/09-1/0 16 
High-Z 
Dout ‘9 


F.QE <3 


on Uy > Vin Or V; 


HITACHI 
i ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « 


HM511664 Series 


¢ Fast Page Mode Delayed Write Cycle 
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HM511664 Series 
¢ Fast Page Mode Read-Modify-Write Cycle 


é 





tap 
1 


: Sami me aia YM 


: mini i 


macs sae 
et — 


ao 
ay = st 
-Zz 7. cin fo 


‘GZ : 


HITACHI 
Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 


HM511664 Series 


e Fast Page Mode Read-Modify-Upper-Byte-Write Cycle 
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HM511664 Series 
e Fast Page Mode Read-Modify-Lower-Byte-Write Cycle 
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HM511664/L Series 


65,536-Word x 16-Bit Dynamic RAM 


@ DESCRIPTION 


The Hitachi HM511664/HM511664L are CMOS dynamic 
RAM organized as 65,536-word x 16-bit. HM511664/ 
HM511664L have realized higher density, higher perform- 
ance and various functions by employing 0.8 wm CMOS pro- 
cess technology and some new CMOS circuit design tech- 
nologies. The HM511664/HM511664L offer Fast Page 
Mode as a high speed access mode. 

Multiplexed address input permits the HM511664/ 
HM511664L to be packaged in standard 400 mil 40-pin plas- 
tic SOJ, standard 475 mil 40-pin plastic ZIP. 


m@ FEATURES 
e Single 5V (+10%) 
e High Speed 
Access Time .............00 cee 80 ns/100 ns (max) 
e¢ Low Power Dissipation 
Active Mode................ 633 mW/495 mW (max) 
Standby Mode (TTL) .................. 11 mW (max) 
Standby Mode (CMOS) ............... 5.5 mW (max) 


....1.1 mW (max) (L-Version) 
e Fast Page Mode Capability 
e Byte Write Capability 
e 256 Refresh Cycles ............. cece eee (4 ms) 


e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

e Battery Back-up Operation 
HM511664L Series (L-Version) 


@ PIN DESCRIPTION 


Pin Name Function 

Ap-A7 Address Input 
Refresh Address Input 

1/0,-l1/Oj¢6 Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
UW Read/Upper Byte Write Enable 
LW Read/Lower Byte Write Enable 
OE Output Enable 
Vcc! Power (+ 5V) 
Vss2 Ground 
NC No Connection 


Notes: 1. This device has 3 Vcc pins (SOJ: 1, 11, 20 pin/ZIP: 
13, 21, 30 pin). All Voc pins must be connected 
with the same power-supply wiring on the memory 
board. 

2. This device has 3 Vsg pins (SOJ: 21, 30, 40 pin/ 
ZIP: 10, 33, 40 pin). All Vsg pins must be connect- 
ed with the same ground wiring on the memory 
board. 





Preliminary 


HM511664JP Series 


3DCP40D 


3DZP40 


(Top View) (Bottom View) 


@ ORDERING INFORMATION 


Access Time 














Package 


HM511664JP-10 100 ns Plastic SOJ 
HM5116641J-8 (CP-40D) 








80 ns 
100 ns 


HM511664LJ-10 


HM511664ZP-10 100 ns Plastic ZIP 
HM511664LZ-8 (ZP-40) 





80 ns 
100 ns 


HM511664LZ-10 
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HM511664/L Series 
@ BLOCK DIAGRAM 
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HM511664/L Series 
M@ TRUTH TABLE 


Inputs Openicn 
1/0;-I/Og I/O9-1/O46 


High-Z High-Z Standby 
High-Z High-Z Refresh 
Dout Dout Read 
Din Don’t Care Lower Byte Write 
Don’t Care Din Upper Byte Write 
Din Word Write 
High-Z 


reererem S| 
MN 

penceee 

Sie mem | 


a 
> 
T™ 
© 
tH 


corm mm! Sl 
erBecRerBeeRedecee 





Mm ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss V 
Supply Voltage Relative to Vsg Vcc Vv 
Short Circuit Output Current mA 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to + 70°C) 


en ae 





Notes: 1. All voltage referenced to Vgs. 
2. The device will withstand undershoots to the —2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
figure 1.) 


-1.0 V 
-1.5 V 


-2.0 V 


20 ns(max) 





Figure 1. Undershoot of input voltage 
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HM511664/L Series 
¢ DC Electrical Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV) 


HMS11664-8 HMS11664-10 
Parameter Symbol HM511664L-8 HM511664L-10 Unit Test Conditions Note 
[an [Max [Min Max 


‘ RAS, CAS Cycling 
Standby Current I —— 
z o- CMOS Interface RAS, 
mA CAS 2 Vcc — 0.2V, 4 
Dout = High-Z 


(L-Version) | CMOS Interface RAS, 
Standby Current Icc2 200 


CAS = Vin; 


WE, OE, Address and 5 
Din = Vin or Vin 

CAS Before RAS Refresh I 115 

Current CC6 


pA 
Dout = High-Z 
(L-Version) 
tras < lps 
WE = Vin, CAS = Vii 5 
M OE, Address and 








Battery Back-up 
Din = Vyx or Vin 





Current 


Operating 
(Standby with 
CBR Refresh) out = High-Z 
a OV < Vout $ 5.5V, 
Output High Voltage Vou Voc Voc V | HighIou = —2.5mA 


Notes: 1. Ic¢c depends on output load condition when the device is selected, Ic¢ max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vy. 
3. Address can be changed once or less while CAS = Vy. 
4, Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 
5. Voc — 0.2V < Vyy s 6.5V and OV < Vy, < 0.2V. 





e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Input Capacitance (Address) Cy 


Output Capacitance (Data-in, Data-out) | 6 Gyo Cli 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy to disable Dout- 
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HM511664/L Series 


e AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vgg = OV)1, 14, 15, 16 
Test Conditions 


Input Rise and Fall Times: 5 ns 
Input Timing Reference Levels: 0.8V, 2.4V 
Output Load: 1 TTL Gate + C, (50 pF) 


(Including scope and jig) 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 
HM511664-10 
Parameter Symbol HMS511664L-8 HMS511664L-10 Unit 
Min Min 
1 


Ww 
Ww 


170 


ol 


i 


Random Read or Write Cycle Time 
RAS Precharge Time trp 


aN 
ws 


Bea ae eee te ed 
a a ee eee 
RAS to Column Address Delay Time | trap | 1 | 35 | os | 4s fos 
Transition Time (Rise and Fall) tr fl 38 fs sts 
| 
Read Cycle 


HMS11664-8 HMS511664-10 
Parameter Symbol HMS511664L-8 HMS511664L-10 Unit 
Min Max Min Max 


Access Time from Address tad a ee 


| Min 

ee 

es 
a eae 
Read Command Setup Time | tees | 0 | — | oo | 
Read Command Hold Time to CAS | ten | 0 | — | oo | 
Read Command Hold Time to RAS | teen | 0 | = 
Column Address to RAS Lead Time eae ke a hee 
Output Buffer Turn-off to OE | top | 0 | = 20 4 
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Note 


L-Version 


Note 
2,3 


3, 4, 13 
3; 5, 13 
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HM511664/L Series 
Write Cycle 


Parameter Symbol HMS1 1664L-8 HM511664L-10 Unit Note 

| Min | Max 
Write Command Setup Time twcs a Ea 10 
Write Command Hold Time Wor a ee ae 
Write Command Pulse Width i ae 
Write Command to RAS Lead Time a a a ae 
Write Command to CAS Lead Time ML = i ae 
ee a 
a ee 


Data-in Setup Time 
Data-in Hold Time 


pw | ee 


Read-Modify-Write Cycle 


Parameter Symbol HMS511664L-8 HM511664L-10 Unit Note 
ae ee a= 
Refresh Cycle 
Parameter Symbol HMS511664L- 8 HMS1 1664L-10 Unit Note 
[iin [Max [Min [Max 
(CAS Before RAS Refresh Cycle) CSR 
(CAS Before RAS Refresh Cycle) CHR 


Fast Page Mode Cycle 
HM511664-8 HM511664-10 
Parameter Symbol = ae HMS511664L-10 Unit Note 


Fast Page Mode CAS Precharge Time 


tcp 
Fast Page Mode RAS Pulse Width | trasc | 80 | 100000 


— 
id 


3, 13 


RAS Hold Time from CAS Precharge tRHCP | 45 | — {| 55 | 


Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge tcPpw 70 
to WE Delay Time 


Fast Page Mode Read-Modify- 
Write Cycle Time 


a 


Counter Test Cycle 









HMS511664-8 HM511664-10 
Parameter Symbol HMS511664L-8 HM511664L-10 Unit 
CAS Precharge Time in t 40 
Counter Test Cycle CPT 
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HM511664/L Series 


Byte Write Mode 


10. 


11. 


12: 
13. 
14. 


15. 
16. 


HM511664-8 HM511664-10 
Parameter Symbol HM511664L-8 HM511664L-10 Unit Note 
Masked Write Hold Time t 
Referenced to RAS MRH 
Masked Write Hold Time t 
Referenced to CAS MCH 


Notes: 1. 
2. 


AC measurements assume ty = 5 ns. 
Assumes that tpcp © trcp (max) and trap S$ trap (max). If trep or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


3. Measured with a load circuit equivalent to 1 TTL load and 50 pF. 
4. 
. Assumes that trap 2 trap (max) and (trcp — trap) s [trcp (max) — trap (max)]. trac, tcac, and taa are 


Assumes that trcp 2 trcp (max) and (tpcp — trap) 2 [trcp (max) — trap (max)]. 


determined as follows. 


trap = trop - [trcp(max) - tran(max) ] 


tcac 


trcp min. trcp max. 


trcp[ns] 





. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. VyH (min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vy and Vy,. 


. Operation with the trcp (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 


if tpcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tpawp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of taa or tcac or tacp. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

When both LW and UW go low at the same time, all 16-bits data are written into the device. LW and UW cannot be 
staggered within the same write cycle. 
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HM511664/L Series 
@ TIMING WAVEFORMS 
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e Early Write Cycle 
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¢ Delayed Write Cycle 
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HM511664/L Series 
e Hidden Refresh Cycle 
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HM511664/L Series 
e Fast Page Mode Read Cycle 
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HM511664/L Series 
e Fast Page Mode Early Write Cycle 


tRaASsC trp | 
SN 


tcsH tec 
trcp P tcas tcp tcas tcas 
| iy lg ee! le , 
tas 
+> 


‘em : 


S \ 
tesy 
———— | <> 
I 
R 
R 











Z| 


| TN. 


- | ale ee 


tos 


Abe tT 4—tcw 


<> 
to 


Din 
101-1016 
High-Z 
Dout 2 
- OE : Ving or Vin 
ae Vin or Vy 
@ HITACHI 
Hitachi 


hi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 175 


Ppa 


ms 


i, a es 
os 


i ¥ 
_ a ae 




















* Ui 





A 








igh-Z 


0145-21 


trasc 


| tcsH 
———$—________—_» 
treo 


i be le | 
tb A Pn 
ae Zp law OG Col. is Wf Col. YM“ - 


tu 
twrRH 
| 


tm 


» U7 
7 














High-Z 


0145-22 


@ HITACHI 
i ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 9400 


HM511664/L Series 
e Fast Page Mode Delayed Write Cycle 
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M 64/L Series 
¢ Fast Page Mode Upper Byte Delayed Write Cycle 
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¢ Fast Page Mode Lower Byte Delayed Write Cycle 
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HM511664/L Series 
e Fast Page Mode Read-Modify-Write Cycle 
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HM511664/L Series 
e Fast Page Mode Read-Modify-Upper-Byte-Write Cycle 
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4/L Series 
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HM511665 Series —__———~ Preliminary 


65,536-Word x 16-Bit Dynamic Random Access Memory 


M@ DESCRIPTION HM511665JP Series 


The Hitachi HM511665 are CMOS dynamic RAM orga- 
nized as 65,536-word x 16-bit. HM511665 have realized 
higher density, higher performance and various functions by 
employing 0.8 4m CMOS process technology and some 
new CMOS circuit design technologies. The HM511665 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM511665 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. SPCR ave 


@ FEATURES 


e Single 5V (+10%) 
¢ High Speed 
Access Time ..............0000- 80 ns/100 ns (max) 
e Low Power Dissipation 
ACUVG:.MOdG 25 sievnt aon pe cere ue ay eeee as yess TBD 
Standby Mode................. cece eee 11 mW (max) 
e Fast Page Mode Capability 
e Write per Bit Capability 
® 256 Refresh Cycles. ...2.. ie daueiacsacdwveees wees (4 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh sas 


@ ORDERING INFORMATION 


HM511665JP-8 80 ns 
HM511665JP-10 100 ns 
















Package 


400 mil 40-pin 
Plastic SOJ Fs NC 
(CP-40D) plied w10/T010 


w11/TO11 W12/1012 
475 mil 40-pin W13/1013 W14/JO14 
Plastic ZIP 


W15/1015 W16/I016 
(ZP-40) 















HM511665ZP-8 
HM511665ZP-10 


80 ns 


100 ns 


Vss 2 
1/101 
w2/To2 1 


@ PIN DESCRIPTION 





Pin Name Function 

Ag-A7 Address Input 
Refresh Address Input 

W1/1/0;-W16/1/016 Write Select/Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WB/WE Write per Bit/Read/Write Enable 
WB/WE Write per Bit/Read/Write Enable . 
OE Output Enable (Top View) (Bottom View) 
Vcc Power ( + 5V) 
Vss Ground 
NC No Connection 
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HM511665 Series 





Inputs I/O 
any —— Saag = Operation 
RAS CAS WB/WE W1/1/0,-W16/1/O46 

H H H H Standby 
L H H H Refresh 
L L H L Read 
1 L L H Write 
L L H H 
@ ABSOLUTE MAXIMUM RATINGS 
Parameter Value Unit 
Voltage on Any Pin Relative to Vss —1.0to + 7.0 V 


Supply Voltage Relative to Vss Vcc —1.0to +7.0 Vv 


Operating Temperature Topr 


Storage Temperature T stg 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to +70°C) 





Input Low (Wi/1/Oi Pin) —0.5 
Voltage (Others) Vin — 1.0 


Notes: 1. All voltage referenced to Vgg. 
2. The device will withstand undershoots to the — 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
figure 1.) 


1.2 
1,2 


Parameter Symbol Max Unit Note 
Vss ae 
seat ae ies | Ves | 
Input High Voltage Vin 2.4 ha. tees cad 6.5 


-1.0 V 
-1.5 V 


-2.0 V 


20 ns(max) 





Figure 1. Undershoot of input voltage 
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HM511665 Series 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


specs Sais HMS511665-8 HM511665-10 - ee fe 
arameter modo nl es Onditions ote 


RAS, CAS Cycling 12 
trc = Min : 


TTL Interface 
RAS, CAS = Vy4, 





Dout _ High-Z 


Operating Current Icc} TBD mA 
CMOS Interface RAS, 
CAS 2 Vcc — 0.2V, 


Standby Current Icc2 
ae Dout = High-Z 


RAS = Vip, 
CAS = Vqr; 1 












Standby Current Iccs TBD 


<i<| os le 

é melee) & lee 
5B = B 

--lspele[e ple |e jefe 


Dout = Enable 
CAS Before RAS Refresh ba = Sateg 
Fast Page Mode Current Icc7 TBD mA 1,3 
Input Leakage Current LI Pete fe 10s I toe te Or pA OV < Vin S 6.5V 
= OV Ss Vout S 5.5V, 
Output Leakage Current 10 | | -0 | 0 Bu Dout = Disable 
Output High Voltage Voc v1 Muhlgn= — 25a 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vy. 
3. Address can be changed once or less while CAS = Vyq. 


e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Parameter 
Input Capacitance (Address) Cy ae 
Input Capacitance (Clocks) C2 P. 
Output Capacitance (Data-in, Data-out) a ae Pee oe 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vypx to disable Doyt. 


Unit Note 


& 
a 


SS 
| 
os 
nN 


ro iC 
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HM511665 Series 


¢ AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vgg = OV)I, 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 





(“iin —[ Max [Min Ma 
RAS to Column Address Delay Time tRAD zp ee ae Bae ee eS 9 
Transition Time (RiscandFal) | tr |..3 190. 1..3 190) ms 
Read Cycle 
Write Cycle 
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HM511665 Series 
Read-Modify-Write Cycle 


Parameter 


Read-Modify-Write Cycle Time 
RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 
OE Hold Time from WE 


Refresh Cycle 


Parameter 


CAS Setup Time 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
(CAS Before RAS Refresh Cycle) 


RAS Precharge to CAS Hold Time 
CAS Precharge Time in Normal Mode 


Fast Page Mode Cycle 


Parameter 


Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 
Fast Page Mode RAS Pulse Width 
Access Time from CAS Precharge 
RAS Hold Time from CAS Precharge 


Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


Fast Page Mode Read-Modify- 
Write Cycle Time 


Counter Test Cycle 


Parameter 


CAS Precharge Time in 
Counter Test Cycle 


ewe | ws | — | m | —- (| m | 
Tayo [ss 
pep ee ee a 
i ee i ee 
| 
Symbol Unit Note 


[Min [Max 
tcsR 


tCHR 


tRPC 
tCPN 


Symbol Note 


HMS511665-8 HMS11665-10 
[Max | Min | Max 


i 
i 


tre ae ee 
tcp eae Oe eee 


tRASC 
tacp 
tRHCP 


3, 13 


tcpw 


PS 
| 

[00 [100000 [as | 
| 
po 


aN 











Write per Bit Cycle16, 17 


Bes HMS511665-8 HMS511665-10 ~~ ay 
arameter ymbdo Min : ni ote 
Mi Ma 
Write per Bit Setup Time | wes | 9 | — | o | — | ww | 


Write per Bit Selection Setup Time 
Write per Bit Selection Hold Time 
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Notes: 


pp Ww 


10. 


11. 


12. 
13. 
14. 


15. 
16. 
17. 


HM511665 Series 


. AC measurements assume tr = 5 ns. 
. Assumes that tpcp < trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 1 TTL load and 50 pF. 


. Assumes that tpcp 2 trcp (max) and (trop — trap) 2 [trcp (max) — trap (max). 
. Assumes that trap 2 trap (max) and (tpcp — trap) ¥ [trcp (max) — trap (max)]. trac, tcac and tag are 


determined as follows. 


trap = trcp - ([trcp(max) - trap(max)] 


tcac 


trcp min. trcp max. 


trcp[ns] 





. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyyq and Vq,. 


. Operation with the trcp (max) limit insures that tp ac (max) can be met, trop (max) is specified as a reference point only, 


if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, tnen access time is controlled exclusively by ta a. 

twcs. trwp,> tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tpawp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of ta, or tcac or tacp. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

When using the write-per-bit capability, WB/WE must be low as RAS falls. 

The data bits to which the write operation is applied can be specified by keeping Wi/I/Oi high with setup and hold time 
referenced to the RAS negative transition. 
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HM511665 Series 
@ TIMING WAVEFORMS 
Read Cycle 
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® Early Write Cycle 





hh HM511665 Series 
tre 
tras 
tre 
trsH | | 
t + ar Wen 
RCD wh Dd phe er Preees 
tcsH 


a: 







) 
— 


AH 


me mE Zz 





twcH 
h v, 


w1nol i 


w16016 ~Oout High-Z 







* GYYy > Vi OF Vit 


tr OE: Ving OF Vit 


@ HITACHI 
i ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « 















tcsy 


trsu 
ws if 
tewt 


; bast a 
| 


Pio 





i 





t 
t 
OH, 





Md 





Do 


im 
- 


x 


* > Vin OF Vip 


_ when OE is low level. 


© HITACHI 
itachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 


e Read-Modify-Write Cycle 
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HM511665 Series 
e Hidden Refresh Cycle 
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HM511665 Series 
e Fast Page Mode Read Cycle 








A tcp | AS >| i | a 
oS i—\ im | 
i aid =. min =, te. = YJ 
mo trcH 
me 


is 


tooo 


pe 





7 


. ty : Vin or Vit 


© HITACHI 
198 Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





HM511665 Series 
e Fast Page Mode Early Write Cycle 
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HM511665 Series 
e Fast Page Mode Delayed Write Cycle 
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HM511665 Series 


trase tap 
am 
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¢ Fast Page Mode Read-Modify-Write Cycle 
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ne = 
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HM511665/L Series 


65,536-Word x 16-Bit Dynamic RAM 


™@ DESCRIPTION 


The Hitachi HM511665/HM511665L are CMOS dynamic 
RAM organized as 65,536-word x 16-bit. HM511665/11665L 
have realized higher density, higher performance and vari- 
ous functions by employing 0.8 wm CMOS process technol- 
ogy and some new CMOS circuit design technologies. The 
HM511665/HM511665L offer Fast Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM511665/ 
HM511665L to be packaged in standard 400 mil 40-pin plas- 
tic SOJ, standard 475 mil 40-pin plastic ZIP. 


M@ FEATURES 
¢ Single 5V (+10%) 
¢ High Speed 
Access Time ............00ceeee 80 ns/100 ns (max) 
¢ Low Power Dissipation 
Active Mode................ 633 mW/495 mW (max) 
Standby Mode (TTL) .................4. 11 mW (max) 
Standby Mode (CMOS) ............... 5.5 mW (max) 


pene 1.1 mW (max) (L-Version) 
e Fast Page Mode Capability 
e Write per Bit Capability 
e 256 Refresh Cycles .......... cece cece eee eee (4 ms) 


e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

e Battery Back-up Operation 
HM511665L Series (L-Version) 


m@ PIN DESCRIPTION 


Pin Name Function 

Ao-A7 Address Input 
Refresh Address Input 

W1/1/0;-W16/1/Oj¢ Write Select/Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WB/WE Write per Bit/Read/Write Enable 
OE Output Enable 
Vcc! Power ( + 5V) 
Vss2 Ground 
NC No Connection 


Notes: 1. This device has 3 Vcc pins (SOJ: 1, 11, 20 pin/ZIP: 
13, 21, 30 pin). All Vcc pins must be connected 
with the same power-supply wiring on the memory 
board. 

2. This device has 3 Vgg pins (SOJ: 21, 30, 40 pin/ 
ZIP: 10, 33, 40 pin). All Vsg pins must be connect- 
ed with the same ground wiring on the memory 
board. 








HM511665JP Series 


3DCP40D 


3DZP40 


@ PIN OUT 
HM511665JP Series 


Vee 
W1i/I01 
W2/102 
W3/T03 


40[5Vss eS NC 
39wi6/1016 mer i09 W10/1010 
W15/I015 Wi1/1011 W12/1012 


W13/1013 
4 
W14/1014 Wi5/1015 Wi4/1014 
W16/1016 


Soe nae 
W2/I02 12e—— 
ae 


on on or WN 

















HM511665JP-8 80 ns 





400 mil 40-pin 
HMS511665JP-10 100 ns Plastic SOJ 
HMS511665LJ-8 (CP-40D) 







HM511665LJ-10 
HM511665ZP-8 





80 ns 
100 ns 


80 ns 















475 mil 40-pin 
HMS511665ZP-10 100 ns Plastic ZIP 
HMS11665LZ-8 (ZP-40) 





HM511665LZ-10 


80 ns 
100 ns 





© HITACHI 
204 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HM511665/L Series 





™ BLOCK DIAGRAM 


















Write Per 
Bit Control 
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aE 
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iD 


/OBuffer ; V/OBuwfler 1//OBulfer /OBulfer /OBuller i 1/OBuller /OBuTer VOBuller 
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Circuit Circuit 



































Column 
Memory! Memory! Decoder 
Sense 

Amp & 
1/0 Bus 


Column | 128k Column 
Memory] Decoder | Memory| Memory] Decoder 
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Amp & 
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Sense 
Amp & | Array 
1/0 Bus 


Row Decoder & Driver 
Row Address Buffer 






Column Address Buffer 





Address A0Q-A7 


0146-3 
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HM511665/L Series] ———— A FEF 
M@ TRUTH TABLE 


Inputs Opert 

—_— —_—— —_————_— — peration 
RAS CAS 

H H H H i Standby 

1 H H H Refresh 

L L H L Read 

L L L H Write 

L L H H 





@ ABSOLUTE MAXIMUM RATINGS 


Parameter Value Unit 
Voltage on Any Pin Relative to Vss —1.0to +7.0 V 
Supply Voltage Relative to Vssg Vcc —1.0to +7.0 Vv 
Short Circuit Output Current ee ae 
Power Dissipation 
Operating Temperature Oto +70 °C 


Storage Temperature Tstg — 55 to + 125 °C 


3 
> 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Parameter Symbol 


| Min 
Supply Voltage VSS ees 
Input High Voltage Vin 


Notes: 1. All voltage referenced to Vgs. 
2. The device will withstand undershoots to the —2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
figure 1.) 


Unit Note 


Typ 
5.0 


— 
N 


in | in 


— 
nN 


-1.0 V 
“1.5 V 


-2.0 V 


20 ns (max) 





Figure 1. Undershoot of input voltage 
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HM511665/L Series 
¢ DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


HM511665-8 HM511665-10 
HMS511665L-8 HM511665L-10 


Parameter Symbol Test Conditions Note 





— 
— 
tA 


RAS, CAS Cycling 


Operating Current Icc1 tec = Min 


1,2 


TTL Interface 
RAS, CAS = Vyqx, 
Standby Current Icc2 CMOS Interface RAS 
CAS 2 Vcc — 0.2V 
Dout = High-Z 
(L-Version) 
Standby Current Icc2 


RAS Only Refresh Current Icc3 





CAS Before RAS I 
Refresh Current CC6 
Fast Page Mode Current Icc7 
(L-Version) tre = 125 us 
resi Back-up tRAS oe ps nk 
perating WE = Vip, CAS = Viz 
Current Icc1o OE, Address and 
(Standby with Din = Vip or Vor 
CBR Refresh) Dout = High-Z 


Input Leakage Current In —10 —10 pA | OVS Vin S$ 65V 


Output Leakage Current Ito — 10 — 10 Mo a ; De 
out — 


Output High Voltage VoH Vcc Vcc V High Ione = —2.5mA 


Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
. Address can be changed once or less while RAS = Vj. 

. Address can be changed once or less while CAS = Vyqy. 

. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 

- Veco — 0.2V Ss Voy s 6.5V and OV s Vy, < 0.2V. 


CMOS Interface 
RAS, CAS = Viyq 
A WE, OE, Address and 
Din = Vin or Vir 
Dout = High-Z 


Mr WN 


e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address) Ci [eee 
Input Capacitance (Clocks) Cy ee ee ee ee ee 1 
Output Capacitance (Data-in, Data-out) Oye. 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyxqz to disable Dog. 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V 410%, Vsg = OV)1, 14, 15 
Test Conditions 


Input Rise and Fall Times: 5 ns 
Input Timing Reference Levels: 0.8V, 2.4V 
Output Load: 1 TTL Gate + CG, (50 pF) 


(Including scope and jig) 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 207 


HM511665/L Series 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HMS511665-8 HMS511665-10 
Parameter Symbol HM511665L-8 HM511665L-10 Unit Note 


+ | ee 
RAS ule With oC 
Column Addres Sewp Tine | asc [0 | — | 0 | — ‘| 
Transition Time (Rise and Fall) ee ee a ee ee eee r 
Refresh Period a ee oe ee ee 
pms LVersion 
Read Cycle 
Parameter HMS511665L-8 HMS511665L-10 Unit Note 
. ee ae 
Access Time from RAS tRAC | — [| %o fF — | 100 | ons 2,3 
Read Command SetupTime | ies | 0 | — | 0 | — ‘| = 
Column Address to RAS Lead Time tRAL ee ee ae ee ee ee 
Output BuferTumoffioOE | tor | 0 | 1s) os | 
Write Cycle 
Parameter HM511665L-8 HMS511665L-10 Unit Note 
= eS 
Write Command PulseWidth | twe [1s [ | s| =| 
Write Command oRASLeadTine | tawn [20 | — | | — |» _ 
Data-in Setup Time oe oe ee 
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> _ HM511665/L Series 
Read-Modify-Write Cycle 


a |_| 

Parameter Symbol HM511665L-8 HMS511665L-10 Unit Note 
| 
Rad Molly WiieGeeTine [awe [es iP 


Refresh Cycle 
HMS511665-8 HMS11665-10 
Parameter Symbol HM511665L-8 HM511665L-10 Unit Note 
CAS Setup Time ; ‘6 
(CAS Before RAS Refresh Cycle) CSR 
CAS Hold Time : io 
(CAS Before RAS Refresh Cycle) CHR 


i=) 
7) 


CAS Precharge Time in Normal Mode tcpn 


Fast Page Mode Cycle 


Parameter Symbol HM511665L-8 HM511665L-10 Unit Note 
[Min [Max [Min [Ma 
| 0 





Fast Page Mode CAS Precharge Time 


o 
Q 
ac) 





Fast Page Mode RAS Pulse Width tRASC 12 
Access Time from CAS Precharge tacp a 50 SS ee ae 3, 13 
RAS Hold Time from CAS Precharge tRHCP Be a ee 


Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge tcpw 70 
to WE Delay Time 
Fast Page Mode Read-Modify- 


Counter Test Cycle 












HMS511665-8 HMS11665-10 
CAS Precharge Time in 
Counter Test Cycle per | @ | - | » | - | = 


Write Per Bit Cycle16, 17 
HMS511665-8 HM511665-10 
Parameter Symbol HM511665L-8 HMS511665L-10 Unit Note 


Min 
Write per Bit Setup Time 
Write per Bit Hold Time 10 


[Min [Max [Mins Max 
a a a ee ee 
Write per Bit Selection t 
Setup Time WDS 
Write per Bit Selection t 10 

Hold Time wer 


ns 
S 


n 
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HM511665/L Series 


Notes: 


210 


i 
2; 


3. 


. Assumes that tpcp 2 trcp (max) and (trcp — trap) 2 [trcp (max) — trap (max). 
. Assumes that trap 2 trap (max) and (trop — trap) s I[trcp (max) — trap (max)]. trac, tcac, and ta, are 


> 


10. 


11. 


12. 
13. 
14. 


15. 
16. 
17. 


AC measurements assume ty = 5 ns. 

Assumes that tpcp < trcp (max) and trap S trap (max). If trep or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

Measured with a load circuit equivalent to 1 TTL load and 50 pF. 


determined as follows: 


trap = trop - [trcp(max) - tpap(max) | 


tcac 


trcp min. trop max. 


trcp[ns] 





. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. VyH (min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyy and Vy. 


. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 


if tpcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

twcs. trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tpwp 2 trwp (min), tewp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tag or tcac or tacp. 

An initial pause of 100 js is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

When using the write-per-bit capability, WB/WE must be low as RAS falls. 

The data bits to which the write operation is applied can be specified by keeping Wi/IOi high with setup and hold time 
referenced to the RAS negative transition. 
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@ TIMING WAVEFORMS 
e Read Cycle 


HM511665/L Serie 





a 


x 
A 
a 





=I 


am 


— Ss 





. WY > Vin or Vip 
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HM511665/L Series 
e Early Write Cycle 


tras 


t 
RAS tke 
trSH 


trcp ins 
CAS 
eh 


Address “dl Row Gf wm FY 


|= 


tcre 
tcsH 


tCAH 


=| twcH 


en A; OL WY) 


twos ee ae ttt, 
i 


w16/i016 ~Dout High-Z 


- 





= > Vin or Vit 


OE: Vin Or Vit 
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¢ Delayed Write Cycle 











tWOH 





: Vin OF Vi 
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HM511665/L Series 
¢ Read-Modify-Write Cycle 


tr 
; 


RAS 
tcrp 
CAS 
\ 
tasr 
tRaH 


. be 
Mi 





lili 





. yy > Vin or V, 


0146-9 
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HM511665/L Series 
¢ Hidden Refresh Cycle 


216 


eo OOO 
t t t tr t 
ea es etres 





trcH 


tir ch 


C= 
torr2 aed 
‘coo, 
High-2 YY 
tooo 


ty : Vit or Vin 
0146-12 


t 
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0, 
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HM511665/L Series 
e Fast Page Mode Read Cycle 


i ry 
t t 
RHCP P RP 
RAS 
tcsH See eee et tcr 
yin tos.) CAS 





Address Ro GY a, Col. al i | pe te 


eat 
it iil 


- mi a + ai " 
yyy} ate ‘a High-Z + Yy 














| topo UY, ' 
= tooo 
trac i a | | 
a ‘OFFI 
a | pe 
Dout i Dout ma a [out Dout 
toac we ik 
02g, er torr2 
OE ys YYy 
ar 
toac 
: : Vin or Vit 
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HM511665/L Series 
e Fast Page Mode Early Write Cycle 
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¢ Fast Page Mode Delayed Write Cycle 


trasc 


RAS 
Up career cE ee 
CAS tc tcrp 





- a taco 41 t So jets te m aid 
CAS 

rp ind 

address ic a OK? }OU04.-_—*" XY 
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HM511665/L Series 
¢ Fast Page Mode Read-Modify-Write Cycle 
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HM511666 Series ——___________~ Preliminary 


65,536-Word x 16-Bit Dynamic RAM 


@ DESCRIPTION HM511666JP Series 


The Hitachi HM511666 are CMOS dynamic RAM orga- 
nized as 65,536-word x 16-bit. HM511666 have realized 
higher density, higher performance and various functions by 
employing 0.8 wm CMOS process technology and some 
new CMOS circuit design technologies. The HM511666 of- 
fers Static Column Mode as a high speed access mode. 

Multiplexed address input permits the HM511666 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard , 

475 mil 40-pin plastic ZIP. SBonAee 


@ FEATURES 


e Single 5V (410%) 
e¢ High Speed 
Access Time ...............00- 80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode................ 633 mW/495 mW (max) 
Standby Mode................0. cece 11 mW (max) 
¢ Static Column Mode Capability 
e Byte Write Capability 
e 256 Refresh Cycles ............ ccc cece cee eee eee (4 ms) 
e 2 Variations of Refresh 
RAS Only Refresh 
CS Before RAS Refresh 


3DZP40 





M@ ORDERING INFORMATION 


Access Time 


80 ns 
100 ns 








Package 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 
475 mil 40-pin 
Plastic ZIP 

(ZP-40) 








HM511666JP-8 
HM511666JP-10 















HM511666ZP-8 
HM511666ZP-10 


80 ns 
100 ns 


@ PIN DESCRIPTION 





Pin Name Function 

Ag-A7 Address Input 
Refresh Address Input 

1/0,-l/Oj¢ Data-in/Data-out 
RAS Row Address Strobe 
cs Chip Select 
UW Read/Upper Byte Write Enable 
LW Read/Lower Byte Write Enable 
OE Output Enable 
Voc"! Power ( + 5V) 
Vss 2 Ground (Top View) 
NC No Connection 


(Bottom View) 





Notes: 1. This device has 3 Vcc pins (SOJ: 1, 11, 20 pin/ZIP: 
13, 21, 30 pin). All Vcc pins must be connected with 
the same power-supply wiring on the memory board. 

2. This device has 3 Vsg pins (SOJ: 21, 30, 40 pin/ ZIP: 
10, 33, 40 pin). All Vsg pins must be connected with 
the same ground wiring on the memory board. 
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HM511666 Series 
@ BLOCK DIAGRAM 


Lower Byte 


cS Control 


RAS Control 


Write Control 


Circuit Circuit Circuit 











VOBulfer V/OBuffer + /OBuffer | —| /0 Buffer }>—] 1/0 Buffer -—/0 Buffer 
ee, a a a 
i: a ca 


a a an, an. 


Column 
Memory! Memory} Decoder | Memory} Memoryj Decoder 
Sense Sense 
Amp & Amp & 
V/O Bus V/O Bus 








Row Decoder & Driver 
Column Address’ Buffer Row Address’ Buffer 






Address A0-A7 


0147~3 
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@ TRUTH TABLE 


Inputs I/O 


I/0,-I/Og I/O9-1/0 16 


High-Z 
High-Z 
Dout 
Don’t Care 
Din 

Din 
High-Z 


High-Z 
High-Z 
Dout 


Din 

Don’t Care 
Din 
High-Z 


gee ais ea oe on eas S| 


roarasal 





@ ABSOLUTE MAXIMUM RATINGS 


Parameter Value 
—10to +7.0 


—1.0to + 7.0 


Symbol 


Voltage on Any Pin Relative to Vsg 
Supply Voltage Relative to Vsg 


VT 
Voc 
Short Circuit Output Current 
Power Dissipation 
Operating Temperature 
Storage Temperature ee ae 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Oto +70 
—55to +125 


Ww 


a I a a a 
Supply Voltage 
Notes: 1. All voltage referenced to Vss. 


Unit 


HM511666 Series 


Operation 


Standby 

Refresh 

Read 

Lower Byte Write 
Upper Byte Write 
Word Write 


Unit 


mA 


°C 
i 8: 


Note 


— | — 
NT NM 


2. The device will withstand undershoots to the — 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 


VIH 
-1.0 V 
-1.5 V 
-2.0 V 
20 ns(max) 


figure 1.) 





Figure 1. Undershoot of input voltage 
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HM511666 Series 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Vcc = 5V +10%, Vsg = OV) 


HMS511666-8 HM511666-10 


a 
trc = Min 


Parameter Symbol Test Conditions Note 


e 
=e 
ot 


Q Q 
\o WwW 
| 
B B 


Operating Current Icci 


TTL Interface 


RAS, CS = Viz, 4 
Dout = High-Z 

CMOS Interface RAS, 
CS = Voc — 0.2V, 





Standby Current Icc2 







RAS Only Refresh Current 


CS Before RAS Refresh — 
gertiiow few | |» ||» fw pee 


Input Leakage Current OV s Vin < 6.5V 


Output Leakage Current ILo sH10 — 10 | | be - : Ls 
out 


Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj,. 
3. Address can be changed once or less while CS = Vyqy. 
4. Clock voltages (RAS and CS) must be applied simultaneously with or prior to applying supply voltage. 


e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address) Ci PS ee | | pF 
Input Capacitance (Clocks) Cp as ee ae ae ee 1 
Output Capacitance (Data-in, Data-out) a en aaa 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


b—_ 
tt 
_— 

I 
° 
| 
— 
lo) 
= 
> 
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HM511666 Series 


e AC Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV)1, 14, 15, 16 
Test Conditions 


Input Rise and Fall Times 5 ns 
Input Timing Reference Levels 0.8V, 2.4V 
Output Load 1 TTL Gate + C, (50 pF) 


(Including scope and jig) 
Read, Write, and Refresh Cycles (Common Parameters) 
HM511666-10 
Min 
135 


Parameter Symbol Unit Note 


1 
170 


HS] 
= 
om 
2 
> 


ra 


ia 
a 


Random Read or Write Cycle Time 





Se] 
ee ae 
RAS Precharge Time tRP a 
RAS Palse Width | tras | 80 | 10000 | too 1000s 
CS Pulse Width | tse | 30 | t0000 || 8000s 
Row Address Setup Time oe oe a re a ee ae ee 
Row Address Hold Time ORY (ee CS ee Ge 
Column Address Setup Time Bea ee ee Re ee ee 
Column Address Hold Time ptanw | | ss 
RAS to CS Delay Time | treo | | so | | ss 
RAS to Column AddressDelayTime | trap | 15 | 35 | 15 | 45 | ms | 9 
RAS Hold Time ee a ee ee a ee ee 
CS Hold Time a a Eee ae Ee a ee 
CS to RAS Precharge Time eae ee ee ee ee 
OE to Dyn Delay Time ee ae ee A es ee 
OE Delay Time from Din, atozo, lee 0 ice a ae 
CS Setup Time from Din [See (De (a es A Ne ae Ae 
Transition Time (Rise and Fall) aS ee ae ee ee ae ee ae eS 7 
Refresh Period ae ee ee, ees eee ee 
Read Cycle 
eas ~ 
Access Time from Address taa aa Sa ae ee ae a 3, 5, 13 
Column Address to RAS Lead Time tRAL ra eee eS eas Ss 
RAS to Column Address Hold Time tue | 6 | — | 6 | — | os | 17 
Output Hold Time from Address tron | 35 | — [| 5 [| -— [om | 
Column Address Hold Time to RAS on Read taR | go | CU Tt | os 
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HM511666 Series 
Write Cycle 


Parameter 


Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CS Lead Time 
Data-in Setup Time 

Data-in Hold Time 

Data-in Hold time to RAS 


Column Address Hold Time to 
RAS on Write 


OE Hold Time from WE 


Refresh Cycle 


Parameter 


CS Setup Time 
(CS Before RAS Refresh Cycle) 


CS Hold Time 
(CS Before RAS Refresh Cycle) 


RAS Precharge to CS Hold Time 
CS Precharge Time in Normal Mode 


Static Column Mode Cycle 


Parameter 


Static Column Mode Cycle Time 


Static Column Mode CS Precharge Time 
Static Column Mode RAS Pulse Width 


RAS to Second WE Delay Time 
Write Invalid Time 


Counter Test Cycle 










Parameter 





CS Precharge Time in 
Counter Test Cycle 


Byte Write Mode 


Masked Write Setup Time 


Masked Write Hold Time 
Referenced to RAS 


Masked Write Hold Time 
Referenced to CS 


HMS511666-8 HMS511666-10 
Symbol : : 
Max 


per | « | - | « 


HMS11666-8 HMS1 1666-10 
Parameter Symbol : 
Min Max Min 


HM511666-8 HMS1 1666-10 

Symbol Unit Note 

ive ee ee Oh ee ae 0 
fe Cs a 
(ee Co ae es 
ew | | — |» | — [| » 
View |» | — |» | — |» 

Em wo ee ee ee 

Tw | | — | 6 | — |» | a 
Tome [| 6 | —- | | — | m= 
tome ho A 
HMS511666-8 HMS511666-10 

Symbol Unit Note 

Min [Mi 

tom | o | - | » | - |» | 
oe eee eee ee ee 
ea a ee ee ee 
HM511666-8 HMS11666-10 

Symbol Unit Note 

[Min [Max | Min 

Tec [| | — | | — | = 
rs | » | - | » | — | » | 

Tease [00 | tooo [100 | tooo | ms | 
wf ob = | ae 







Unit 


Note 


Unit 


fe 
ma 
ee 
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Notes: 


HM511666 Series 


1. AC measurements assume tr = 5 ns. 

2. Assumes that tpcp < trcp (max) and trap S$ trap (max). If tpcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

. Measured with a load circuit equivalent to 1TTL load and 50 pF. 

. Assumes that trop 2 trcp (max) and (trop — trap) 2 [trop (max) — trap (max). 


5. Assumes that trap 2 trap (max) and (trpcp — trap) $ [trcp (max) — trap (max)]. trac, tacs, and ta, are 
determined as follows. 


> Ww 


trap = trcp - [trcp(max) - trap(max) ] 


tacs 





trcp min. trcp max. 


trcp[ns] 





6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyy and Vy. 

8. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tacs. 

9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

10. twcs is not restrictive operating parameter. It is included in the data sheet as electrical characteristics only: if twcs 2 twcs 
(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle. 

11. These parameters are referenced to CS leading edge in an early write cycle and to WE leading edge in a delayed write cycle. 

12. trasc defines RAS pulse width in static column mode cycles. 

13. Access time is determined by the longer of ta, or tcac. 

14. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CS before RAS refresh 
cycles is required. 

15. In delayed write cycles, OE must disable output buffer prior to applying data to the device. 

16. When both LW and UW go low at the same time, all 16 bits data are written into the device. LW and UW cannot be 
staggered within the same write cycle. 

17. tawpR defines the time at which the column addresses hold. 
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e Early Write Cycle 





twes 
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© Wa 


High-z 
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e Lower Byte Early Write Cycle 
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¢ Delayed Write Cycle 
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e Upper Byte Delayed Write Cycle 
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HM511666 Series 
e Static Column Mode Read Cycle 





trac 








or tot ial na 
= is at 
Din YY Y, 





= 


" > Vin or Vy. 
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¢ Static Column Mode Early Write Cycle (1) 


HW 


/O01~/016 


High-Z** 
Dout 


id > Vin or Vir 


** twos = twcs (min) 
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HM511666 Series 
e Static Column Mode Write Cycle (2) 


Uf nn 


- sos 


/O1~V/016 


tah.7** 
pout High-Z 


in ty > Vin or Vir 
** twes = twcs (min) 
stale: OE > Vin or Vin 
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Se 
_ ZEEE. Shins a “i 
| 


a = . 
el = = 


High-Z 


_ ae 
OFF2, 


* Yy, > Vin oF Vit 
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HM514100A Series 
HM514100AL Series tow Power version 


HM514100ASL Series super Low Power Version 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 


m@ DESCRIPTION 


The Hitachi HM514100A is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit HM514100A has realized higher density, higher performance and various func- 
tions by employing 0.8 4m CMOS process technology and some new CMOS circuit 
design technologies. The HM514100A offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514100A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP |, 20-pin plastic TSOP | reverse type, 20-pin 
plastic TSOP II, and 20-pin plastic TSOP II reverse type. 


@ FEATURES 


e Single 5V (410%) 
e High Speed 
ACCESS TMG ties ie bo co Ss eo ee SaaS 60 ns/70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode..................5. 605 mW/550 mW/495 mW/440 mW (max) 
Standby Mode: sos shccs hn toed cans Stace ota he eetees 11 mW (max) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycles ......... 0... 0c cc ccc cee ee eee (16 ms, 128 ms, 256 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e Test Function 
e Battery Back Up Operation 
HM514100AL Series (L-Version) 
e Data Retention Operation 
HM514100ASL Series (SL-Version) 


@ ORDERING INFORMATION 


Preliminary 


HMS514100AJ Series 


3DCP20DA 


3DCP20D 


3DZP20 


(ZP-20) 
HMS514100AT Series 


<— 


3DTFP20DA 








Part No. Package 
HM514100AJ/ALJ/ASLJ-6 350 mil 20-pin 
HM514100AJ/ALJ/ASLJ-7 Plastic SOJ 
HMS514100AJ/ALJ/ASLJ-8 (CP-20DA) 
HM514100AJ/ALJ/ASLJ-10 
HM514100AS/ALS/ASLS-6 300 mil 20-pin 
HMS514100AS/ALS/ASLS-7 Plastic SOJ 
HM514100AS/ALS/ASLS-8 (CP-20D) 
HM514100AS/ALS/ASLS-10 
HMS514100AZ/ALZ/ASLZ-6 400 mil 20-pin 
HM514100AZ/ALZ/ASLZ-7 Plastic ZIP 
HM514100AZ/ALZ/ASLZ-8 (ZP-20) 
HM514100AZ/ALZ/ASLZ-10 
HM514100AT/ALT/ASLT-6 20-pin 
HMS514100AT/ALT/ASLT-7 Plastic TSOP I 
HM514100AT/ALT/ASLT-8 (TFP-20DA) 
HMS514100AT/ALT/ASLT-10 
HM514100AR/ALR/ASLR-6 20-pin 
HMS514100AR/ALR/ASLR-7 Plastic TSOP I 
HM514100AR/ALR/ASLR-8 Reverse Type 
HM514100AR/ALR/ASLR-10 (TFP-20DAR) 
HM514100ATT/ALTT/ASLTT-6 20-pin 
HM514100ATT/ALTT/ASLTT-7 Plastic TSOP II 
HMS514100ATT/ALTT/ASLTT-8 (TTP-20D) 
HM514100ATT/ALTT/ASLTT-10 
HMS514100ARR/ALRR/ASLRR-6 20-pin 
HM514100ARR/ALRR/ASLRR-7 Plastic TSOP II 
HM514100ARR/ALRR/ASLRR-8 Reverse Type 
HM514100ARR/ALRR/ASLRR-10 (TTP-20DR) 
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(TFP-20DA) 
HMS514100AR Series 


> ail 


3DTFP20DAR 


(TFP-20DAR) 
HMS514100ATT Series 


al 


3DTTP20D 
(TTP-20D) 
HMS514100ARR Series 


ail 


3DTTP20DR 
(TTP-20DR) 
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HM514100A Series 
@ PIN OUT 


HM514100AJ/ALJ/ASLJ Series HMS514100AT/ALZ/ASLT Series HM514100ATT/ALTT 
HM514100AS/ALS/ASLS Series /ASLTT Series 


Hitachi Pin No. JEDEC Pin No. 


(Top View) 
(Top View) 
(Top View) 


HM514100AZ/ALZ/ASLZ HMS514100AR/ALR/ASLR Series HM514100ARR/ALRR 
/ASLRR Series 


O 


Re nNoWw EU Aw ow 


(Top View) 
(Top View) 


(Bottom View) 





@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ai0 Address Input 
Aog-Ag Refresh Address Input 
Din Data-in 
Dout Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power ( + 5V) 
Vss Ground 
NC No Connection 
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HM514100A Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 


Voltage on Any Pin Relative to Vss —10to +7.0 V 
Supply Voltage Relative to Vsg —10to +7.0 V 
Short Circuit Output Current 50 mA 


Power Dissipation : W 


Operating Temperature Oto +70 ba 
Storage Temperature — 55 to + 125 °C 


@ ELECTRICAL CHARACTERISTICS 


e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 
(Ta = 0 to +60°C (SL-Version)) 


Parameter Symbol Min Typ Max Note 


Supply Voltage 


Input Low Voltage VIL 


Notes: 1. All voltage referenced to Vgs. 
2. Data retention operation only. 


— 
o>) 


<< 


1, 2 (SL-Version) 
: 


1 


<i 
Q 
Q 
uN 
WM 
wm 
(on) 
NN] ut m 
miurftun 


e DC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vss = OV) 
(Ta = Oto +60°C, Voc = 5V 410%, Vssg = OV Tae 


HMS514100A-6 | HM514100A-7 | HM514100A-8 eure 
Parameter aie ee Uni Test Conditions Note 


= [Max [Min [ Max [ Min [ Max re 
Operating Current 100 tate is Hees Cyeltg 1, 
TTL Interface 
2 2 mA RAS, CAS = Ving 
Dour = High-Z 


CMOS Interface 
RAS, CAS > Vcc — 0.2V 


2 
Standby Current eats 
Bae Dout = High-Z 
Icc2 


[L-Version] 
Standby Current 


aS 

CMOS Interface 
RAS, CAS = Vry 

200 WE, Address and 4 
Din = Vin or Vip 
CMOS Interface 
RAS, CAS = Vi 

100 WE, Address and 4 
Din = Vin or Viz, 


RAS Only 

aie fe [=f [-[=[- fo [— 
Standby Current 
CAS Before RAS ; 

ao ee ee 
cure Berets eee ; 


[SL-Version] 
Standby Current 


Nw 








© HITACHI 
Hitachi America, Ltd. « Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 249 





HM514100A Series 


e DC Characteristics (Ta, = 0 to + 70°C, Vcc = 5V +10%, Vsg = OV) 
(Ta = Oto +60°C, Voc = 5V +10%, Vsg = OV (SL-Version)) (continued) 


I 
li 












cs HMS14100A-6 | HM514100A-7 | HIMS14100A-8 | HMS14100A-10| | a ee 
arameter ymbo ni est Conditions ote 
Min [Max | Min | Max | Min [ Max | Min [ Max 
[L-Version] me oo ra . : 
Battery Back Up wee Vv a 
Operating Current 300 300 300 300 | pA ee 4 
; CAS = Vy, Address, 
(Standby with Di, = Vinor Vip 
In ~~ 

CBR Refresh) Dou = High-Z 

Icc10 tro = 250 ps 
[SL-Version] tras = 200 ns 
Data Retention WE = Vin, 
Current (Equivalent 150 150 150 150 | pA | CAS = Vy Address, | 4 
Refresh Time Din = Vi or Vit 
is 256 ms) Dout = High-Z 

4.0V < Vcc s 5.5V 

Input Leakage = 
Output Leakage = oe _ OV s Vin S 7V 
Output High 
Output Low = 
Voltage vo | o fm fo [ow] ojo] o july oo ee 


Notes: 1. Ic¢c depends on output load condition when the device is selected, I¢¢ max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vjrz. 
3. Address can be changed once or less while CAS = Vjyq. 
4. Voc — 0.2V < Vy Ss 6.5V and OV s Vy, < 0.2V. 


e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Parameter Typ Max Note 
Input Capacitance (Address, Data-in) fo ocn J 
Output Capacitance (Data-out) ee ee a 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy to disable Doyt. 


e AC Characteristics (T, = 0 to + 70°C, Vcc 
(Ta = Oto +60°C, Voc 


Test Conditions: Input rise and fall times: 5 ns 
Input timing reference levels: 0.8V, 2.4V 
Output load: 2 TTL Gate + CL (100 pF) (Including scope and jig) 





5V +10%, Vsg = OV)!; 12, 15 
5V +10%, Vss = OV (SL-Version)) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


| 
CAS Pulse With ooo [ns 
Pi rs 
ry 


Row Address Setup Time 


tee al 
Row Address Hold Time ltran | 10 | — | 10 | 


0 
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SSS HM514100A Series 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (continued) 


HMS514100A-6 HMS514100A-7 HMS514100A-8 | HM514100A-10 
Parameter Symbol ; U 
in 


nit | Note 





Max Min Max Min Min 
Read Cycle 

HMS514100A-7_ | HM514100A-8 | 
Write Cycle 
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HM514100A Series 
Read-Modify-Write Cycle 


p : eae HMS514100A-6 HMS514100A-7 HM514100A-8 HMS514100A-10 Unit | Noe 
arameter modo ni ote 


Refresh Cycle 
Parameter ae Mh ve ao Unit | Note 


CAS Setup Time p ‘a 
(CAS Before RAS Refresh Cycle) CSR 
CAS Hold Time ; 10 
(CAS Before RAS Refresh Cycle) CHR 


RAS Precharge to CAS Hold Time 


Fast Page Mode Cycle 


- : Sunibol HM514100A-6 HMS514100A-7 HMS514100A-8 HMS514100A-10 tik || Net 
arameter modo ni ote 
0 


X 
pe OC] ee | 88 | 

Fast Page Mode CAS Precharge Time tcp =| to | — Laos eee 

Fast Page Mode RAS Pulse Width | trasc | — | 100000 | | 100000} — | 100000] — | 100000 

RAS Hold Time from CAS Precharge ‘truce| 35 | — | 4 | — | 4 | — | 


Fast Page Mode Read-Modify-Write Cycle 


x | Min 

Fast Page Mode Cycle Time Le ee I ee 
po | 
Ese 


Tain [Max [Min [Max [Min [ Max | Min [ Max 
Fast Page Mode Read-Modify-Write Cycle Time LipeMe 160: Ms eee TO es ee A Sel eee SE aN ene 
CAS Precharge to WE Delay Time tcpw Eee ek sae FE serail, er fl eee a tse 10 


Test Mode Cycle 


Parameter 


a oe a 
ee 


HMS514100A-7 
Max 


Mi | Min | Max_| 
CAS Precharge Time in 
Counter Test Cycle 
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Notes: 


LF 
. Assumes that trpcp < trcp (max) and trap < trap (max). If trcp or trap is greater than the maximum recommended 


wN 


NM & W 


10. 


11. 


12. 


13. 
14. 
15. 


16. 


HM514100A Series 
AC measurements assume ty = 5 ns. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that trop 2 trcp (max) and trap S$ trap (max). 

. Assumes that trop < trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vyy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vy; and Vy,. 


. Operation with the trcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 


if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcc. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

twcs, trwp; tcwp;> tawp and tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) 
and tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; 
if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

An initial pause of 100 us is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of taa or tcac or tacp. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Dp, and data input pin is Diy. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, taa, tcac and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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4N514100A Series ———_____—__—_—— —  —  — — -— 


@ TIMING WAVEFORMS 
e Read Cycle 





tieses 
tcas 


tnat 
t ° 
t CAH 


tra 
Puan 


4 


WLLL I 


WM LE 


Nout 


ZB : Don’t care 
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¢ Early Write Cycle 


Addtess 


HM514100A Series 


tran tase] | tcan 
<(~— <—P| i<—— 


Oi 


§ 
. 


__ nee 


Hiqh-Z** 


' Zyl Don't cue 


** twos & bwes (min) 
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255 


HM514100A Series 
e Delayed Write Cycle 


ns 
tcas 


lasc 


Address YY ; Column Wy 
“iid A v 


t 
wey 


tor 
av! 


t 
os | jt 


_torr 


Dout 
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¢ Read-Modify-Write Cycle 


> 
> 


> <e). 
a {) 
t Spit 
< > 


Vii 


—>| |<——>I 
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HM514100A Series 
e RAS Only Refresh Cycle 


——_—_—_——— 


yyy 
Address Uy; 
y 


Ue 


High-2 
out J 


* Uy : Don't care 
* — Refresh address : AO — A9 (AX0 - AX9) 
WE: Don't care 





e CAS Before RAS Refresh Cycle 


| torr 


Yip High-Z 


* P71: Don't care 


** WE : VIN 
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HM514100A Series 


¢ Hidden Refresh Cycle 



















inc {nc tre 





tras 


tras : 
(Refresh) 


(Read) 


tne ‘ras {ep 
(Refresh) 





Addtess 7 









“. 


\ 


SS 


we Yi 
Lili 


GILL 


“Dout 


¥) 
. ZY : Don't care 
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HM514100A Series 
¢ Fast Page Mode Read Cycle 


ML vom WE cat. WG» Wy 


tran 


q{-————_ 


t 
4 —>|-[ 8 


. GB : Don't care 
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© Fast Page Mode Early Write Cycle 


treo 


<{— 


Unar 


Addiess 7 


- 





> 
“> 


—>|-14 


IE. WV 
YN 

CON 
Lia M La WW 


(in Din 


Hitachi America, Ltd. ¢ Hitachi P 


HM514100A Series 


trasc 


ri< 


Or zz 


twos Je 
Wp 


twon 
a 
lng 


<—> 


two lwes lwo 


yp P <> 
Yy 
> 


Yj 
{ $ 


ton 


ton 


_ 


( 
> vi 


7 on 


f 


IHigh-Z** 


$ GF : Don't care 


** twos &% lwes (min) 
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HM514100A Series 
¢ Fast Page Mode Delayed Write Cycle 


lesa 


t { 
4 RCD rl« CAS > 


canna Zp ro» WY col. YYy 


lcwe 


Vis 


¢ 
7 
4 


—hitt— tore PP lore 


Invalid °k invalid “kK Invalid “k 
Dout - Dout .- 
: "7 


. GZ : Don’t care 


0091-16 
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HM514100A Series 


tp t 
PCM . My 


t tcp 
Pm ae 4 


< 
>] > 
tcat 
tcwn = 
tasc tran 
Col. 


raion DH tom WUE IG: JG 


YJ) 


low. 
<— = << 





IG 2 N°" U1. 


Pi tcac 


Dot, 
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HM514100A Series 
e Test Mode Cycle 


Reset 


Set Cycle *** Test Mode Cycle Cycle ¢,se4 
Prhcke) biden 4 


—->| 


* CBR or RAS only refresh 
: Don’t care 
ee Address, Din : Don't care 





¢ Test Mode Set Cycle 
WE And CAS Before RAS Refresh 


tke 
trp tRas trp 


/ 
tepc torp 


\' 
ype 


We om WLLL 
Mires LL 


Uff ° High-Z 


* V//1: Don't care 
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HM514100A Series 


¢ Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 





tee 
trp tas trp 


7 
A tepc torp 


N 
ApS, 


twu 


LLL LLL 
Mees LLL 


* PZ: Don’t care 





AS Only Refresh Cycle 


7 


taser || tRaH 


matron LL 


High-Z 


* Refresh address AO~A9(AX0~AX9) 
** P71: Don't care 


*+* WE: Don't care 





0091-21 
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HM514100A Series 
¢ CAS Before RAS Refresh Counter Check Cycle (Read) 


tcarR 


Address ee te Column | YY 
if 
Ld 


Soi mS 
7 wie 


a 


* V7: Don't care 
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HM514400A Series 
HM514400AL Series tow Power Version 


Preliminary 


HM514400ASL Series super Low Power Version 


1,048,576-Word x 4-Bit Dynamic Random Access Memory 


m@ DESCRIPTION 


The Hitachi HM514400A is a CMOS dynamic RAM organized 1,048,576 word x 
4-bit. HM514400A has realized higher density, higher performance and various func- 
tions by employing 0.8 wm CMOS process technology and some new CMOS circuit 
design technologies. The HM514400A offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514400A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP |, 20-pin plastic TSOP | reverse type, 20-pin 
plastic TSOP Il, and 20-pin plastic TSOP Il reverse type. 


@ FEATURES 


e Single 5V (+10%) 
e High Speed 
PCCESS: THING else siti Gard eu cereus, oWeuce ence 60 ns/70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode................60-- 605 mW/550 mW/495 mW/440 mW (max) 
Slandby MOdG i s...4005 wessunss cece na eke rime ne ol gateway 11 mW (max) 
e Fast Page Mode Capability 
© 1,024 Refresh Cycles .......... ccc ccc cece cnet eee nees (16 ms, 128 ms, 256 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e Test Function 
e Battery Backup Operation 
HM514400AL Series (L-Version) 
¢ Data Retention Operation 
HM514400ASL Series (SL-Version) 


@ ORDERING INFORMATION 





Part No Package 
HMS514400AJ/ALJ/ASLI-6 
HMS514400AJ/ALJ/ASLJ-7 ao wear 
HM514400AJ/ALJ/ASLJ-8 (CP. 0D A) 
HMS514400AJ/ALJ/ASLJ-10 ; 
HMS514400AS/ALS/ASLS-6 
HM514400AS/ALS/ASLS-7 my lo 
HM514400AS/ALS/ASLS-8 (CP. 20D) 
HMS514400AS/ALS/ASLS-10 : 
HMS514400AZ/ALZ/ASLZ-6 
HMS514400AZ/ALZ/ASLZ-7 a apie 
HMS514400AZ/ALZ/ASLZ-8 (ZP. 20) 
HMS514400AZ/ALZ/ASLZ-10 ; 
HMS514400AT/ALT/ASLT-6 <n} 
HMS514400AT/ALT/ASLT-7 PI ie TSOP I 
HMS514400AT/ALT/ASLT-8 (TFP NOD A) 
HMS514400AT/ALT/ASLT-10 : 
HM514400AR/ALR/ASLR-6 20-pin Plastic 
HMS514400AR/ALR/ASLR-7 TSOP I 
HM514400AR/ALR/ASLR-8 Reverse Type 
HMS514400AR/ALR/ASLR-10 (TFP-20DAR) 
HMS514400ATT/ALTT/ASLTT-6 ee 
HMS514400ATT/ALTT/ASLTT-7 Pl ice TSOP II 
HMS514400ATT/ALTT/ASLTT-8 (TTP 20D) 
HMS514400ATT/ALTT/ASLTT-10 ; 
HMS514400ARR/ALRR/ASLRR-6 20-pin Plastic 
HMS514400ARR/ALRR/ASLRR-7 TSOP II 
HM514400ARR/ALRR/ASLRR-8 Reverse Type 
HMS514400ARR/ALRR/ASLRR-10 (TTP-20DR) 
€ HITACHI 


HMS514400AJ/ALJ/ALSJ Series 


38DCP20DA 


3DCP20D 


3DZP20 


HM514400AT/ALT/ASLT Series 


ail 


3DTFP20DA 


(TFP-20DA) 
HM514400AR/ALR/ASLR Series 


ail 


3DTFP20DAR 


(TFP-20DAR) 


HM514400ATT/ALTT/ASLTT 
Series 


<— 


3DTTP20D 
(TTP-20D) 


HMS514400ARR/ALRR/ASLRR 
Series 


ail 


38DTTP20DR 
(TTP-20DR) 
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HM514400A Series 


@ PIN OUT 


HM514400AJ/ALJ/ASLJ Series 
HM514400CAS/ALS/ASLS Series 


Hitachi Pin No. JEDEC Pin No. 


HMS514400AZ/ALZ/ASLZ Series 





11 AO 
4» 12 Al 
13 A2 
14 A3 
15 Voc 


16 A4 
B17 AS 
18 A6 
19 A7 
20 A8 


(Top View) 
HM514400ARR/ALRR/ASLRR Series 


ees | 

Vsg 20 oO 
1/04 19 
1/03 18 
CAS 17 
16 





(Top View) 


(Top View) 


@ PIN DESCRIPTION 


Pin Name Function 
Aop-Ag Address Input 
Ag-Ag Refresh Address Input 
I/0,-1/04 Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
OE Output Enable 
Vcc Power (+ 5V) 

Vss Ground 
@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 269 


HM514400A Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
—1.0to + 7.0 V 


—1.0to +7.0 Vv 


Voltage on Any Pin Relative to Vss Vr 


< 


Am 

4 
—_ i an 
alo 


Supply Voltage Relative to Vss cc 


Short Circuit Output Current mA 
Power Dissipation Py W 
Operating Temperature } Oto +70 °C 
Storage Temperature Tstg — 55to + 125 i & 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to + 70°C) 
(Ta = 0 to +60°C (SL-Version) 


Parameter oe 


Input High Voltage 


Input Low (I/O Pin) 
Voltage (Others) 


Notes: 1. All voltage referenced to = 
2. Data retention operation only. 


NPP] LS 

RlLOluU 
— < 
fom] 

(wr 

wa 


e¢ DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 
urs = 0 to +60°C, Voo = 5V +10%, Vsg = OV (SL-Version) 


: ; eee | HM514400A-6 | 6 | HM514400A-7 | HM514400A-8 HMS514400A-10 Unit Test Condit Not 
arameter modo nl es onditions ote 


RAS, CAS Cycling 
om -Te[-[° a [a 
TTL Interface 
2 2 mA |RAS, CAS = Vy, 
Dout = High-Z 
CMOS Interface RAS, 
1 mA | RAS, CAS 2 Vcc — 0.2V, 
Dout = High-Z 


Standby Current S 
CMOS Interface 
Versi I RAS, CAS = Vin, 
Levee = 200 200 200 | »A | WE, OE, Address and 4 
Din = Viq or Viz, 
Dout = High-Z 
CMOS Interface 
i RAS, CAS = Vip, 
See aa WE, OE, Address and 4 
Dout = High-Z 


RAS Only Refresh =™M; 
cu aoe bt ES 


I 


= 
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HM514400A Series 


I 
l 


e DC Electrical Characteristics (continued) (Ta 
(Ta 


ae HM514400A-6 | HM514400A-7 | HM514400-8 | HM514400A-10 | ae gna, i 
€ m 
[Min [ Max [ Min | Max | Min | Max | Min | Max_| 


Enable 
CAS Before RAS 
Refresh Current ererarrarnist tree 
Fast Page Mode 
Current cer | — | uo | — | wm] - fo] — |». 
Din = Vin or VIL, 


[L-Version] 
Battery Backup 
Operating 
Carient Icci0 300 300 300 300 pA 
(Standby with 
CBR Refresh) Dout = High-Z 
[SL-Version] ae a pil iy 
Data Retention eo Vinp CAS = Vi 
apa icéio 150 150 150 150 | pA |OE, Address and 4 
(Equivalent 
4 Din = Vin or V 
Refresh Time D.. i High Z IL; 
. | ae "hy 
om) 4.0V < Voc $ 5.5V 


Input Leakage = _ _ 2 
Output Leakage as ae < Vout < iV, 


Output High Voltage Vou _| Tas ae Tree ae | High ue = —5mA 


Notes: 1. Icc depends on output load condition when the device is selected, Icc¢ max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj. 
3. Address can be changed once or less while CAS = Vyyy. 
4. Vcc — 0.2V s Voy < 6.5V and OV < Vy, < 0.2V. 


e Capacitance (Ta, = 25°C, Voc = 5V +10%) 


Input Capacitance (Address) fe Ge ee ee en pe oe 1 
Output Capacitance (Data-in, Data-out) a ee nee ee ee ee ee 1,2 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyq to disable Doyt. 


0 to + 70°C, Vcc 
0 to +60°C, Voc 


BV +10%, Vgg = OV) 
BV +10%, Vgg = OV (SL-Version) 


I 








tre = 125 ps, 
tras S1ps, 
WE = Vy, CAS = Vy, 
OE, Address and 
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HM514400A Series 

e AC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vgg = OV). 14, 15, 16 
(Ta = 0 to 60°C, Vog = 5V +10%, Vgg = OV (SL-Version)) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HMS514400A-6 HMS514400A-7 HMS514400A-8 H 
atin [Max [Min [Max 


io) 


> 
° 


\o 


Parameter ymbol Unit | Note 


Random Read or Write Cycle Time | tac 


RAS Precharge Time | 6 | — | 
CAS Pulse Width tcas 25 | 10000 
Row Address Setup Time eee 
Row Address Hold Time ne se Sees 
Column Address Setup Time PO re ete les Qo 
Ee 


na 


wl > 
— 
E 


| 100 

a 

ae a ae 

ea 

aa ae 
Column Address Hold Time tcAH Be ese ew 
RAS to Column Address Delay Time 
Transition Time (Rise and Fall) 7 
ee 128 p=! 128 -_ 128 -_ 128 
gece be =P Tt TT 
(SL-Version) 
Read Cycle 
| Min | Max | Min | Max | Min | Max | Min | Max | 

Access Time from Address lta | — | 3 | — | 35 | — | wo | = | 4s | 3,5, 13, 17 
Aces Tine rom OE mel = et bw ef ee pe ae 
Read Command SeupTine lies | 0 | — [0 | — | 0 | — | 0 | — |= 
Read Command Hold Tine wCAS|incw | 0 | — | 0 | — | o | — | 0 | — |=] @ 
Read Command Hold Time oRAS|unnw | 0 | — | 0 | — | 0 | — | 0 | — [=| 1 
Column Adres toRAS Lead Tinelinax | 30 [| — | 3 [| — | « | — | 55 | — [om 
OuiputBuferTun-offTime [ioe | 0 [is | o | 2% | o | » | 0 | [m| 6 
Output Buffer Tum-off oO torr | 0 | 15 | 0 | 2% | o | 2% | o | 25 |ns| 6 
TASt0Djn Deay Tine [tepp [15 | — |» [| — | » | — | | — [me 
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HM514400A Series 


Write Cycle 
Read-Modify-Write Cycle 





Refresh Cycle 


Parameter Unit | Note 


San HM514400A-6 HM514400A-7 HM514400A-8 HM514400A-1 
mbo 


| Max | Min | Max | 
CAS Setup Time_ a ' 
(CAS Before RAS Refresh Cycle) CSR 
CAS Hold Time 
(CAS Before RAS Refresh Cycle) tom | 1 | — | w | - | w | — | 
ae fees AOE Se ee 
ae aan eS 


>) 


10 
10 
10 


RAS Precharge to CAS Hold Time 


=| 


Fast Page Mode Cycle 


Parameter 


Fast Page Mode Cycle Time tipo | 40 | — | 
Fast Page Mode CAS Precharge Time tcp | 10 | — | 
Fast Page Mode RAS Pulse Width |trasc| — | 100000_ 
Access Time from CAS Precharge tace | — | 35 | 


RAS Hold Time from CAS Precharge 


40 
10 
eh 
Fast Page Mode Read- 
Modify-Write Cycle _ , oe 
CAS Precharge to WE CPW 
Delay Time 
Fast Page Mode Read-Modify- , 
Write Cycle Time PCM 


Note 


HM514400A-6 HM514400A-7 HMS514400A-8 HMS514400A-10 
Symbol a Uni 
in 


Max 
4 


5 
10 
40 
65 
95 


110 


> 
tA 
WN 
i) 
Ww 
—_ 
ww 
—_ 
~~ 
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HM514400A Series 
Test Mode Cycle 
















| 


Counter Test Cycle 











; rarer HMS514400A-6 HMS514400A-7 HMS514400A-8 HMS514400A-10 a 
arameter mbo 

Min 
CAS Precharge Time in 
Counter Test Cycle 


Notes: 1. AC measurements assume ty = 5 ns. 

2. Assumes that tprcp < trcp (max) and trap S trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that trop 2 trcp (max) and trap (max). 

5. Assumes that trcp < trcp (max) and trap = trap (max). 

6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vizz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vyrz. 

8. Operation with the trop (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if tRAD is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

10. twcs, trwp; tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. trasc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tag or tcac or tacp. 

14. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Test mode operation specified in this data sheet is 2-bit test function controlled by control address bits ... CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. In order to end this test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of trac, taa, tcacs toac and tacp is delayed for 2 ns to 5 ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514400A Series 


@ TIMING WAVEFORMS 
e Read Cycle 


tASA t 
RAD 
<—>| |«————__——_ >] «—-]- 


{rant tasc can 


neha {Row WGK «« Column GW Yjy a 


—— pH i~4q@——- pi — 


High-Z 


tozo 


bg : Don’t care 
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HM514400A Series 
¢ Early Write Cycle 


twes t 
pacar ft IP we 


= PP. ea 
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¢ Delayed Write Cycle 


> 


CV// 


twe 
<——— 
\ y, 

to» 

OH > 


<> lore2 


‘GY : Do 
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HM514400A Series 
e Read-Modify-Write Cycle 


t 
RWC a ee ee eee 








Din el yt Din —Y7 ff fy Yy 
© HITACHI 
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HM514400A Series 


e RAS Only Refresh Cycle 


Address 


High-Z 
Dout 3 


* OF, WE : Don't care 


: : Don’t care 


*** Refresh address : AO — AI (AX0 — AX9) 





0090-14 





e CAS Before RAS Refresh Cycle 


tapc 


cea 8) EL bi 5 fesp| | tea 
atk, 


torFi 


77 High-2 
Dout Des 8S canes et es ee pO cere A ee 
= Uy : Don't care 


" WE; Vin 


0090-12 
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HM514400A Series 
¢ Hidden Refresh Cycle 


tac tre 
tras y tras 
< >| 1<—__ 
(Refresh) (Refresh) 


ae 


P20] [4245 
0 ue a _— 


. GB : Don’t care 
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HM514400A Series 
¢ Fast Page Mode Read Cycle 


Address 


tacit 


Cn 47 


. ZB : Don't care 
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HM514400A Series 
¢ Fast Page Mode Early Write Cycle 





282 


t t 
C$ rl le PC 


4 
ty—>i-l«— 1 teas t t top 


a 


twos, 


t t t t ‘ty 
WES Log [yp] twen twos [y. yf twant twtr 


t 
Pit ae 


yt I for 


as GY : Don’t care 


0090-15 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HM514400A Series 
e Fast Page Mode Delayed Write Cycle 


t t 
<> CWL gone CWL 
t t t 
tacs 4 qa aly 
ae a trwe 


Wd Wi 


t t t t t 
<p ou pl tacs Fy ypton [yy tacs} ty tou 





tos [> tos [4-> 


DSM 0" 


torn 
<—_——-> 


High-Z 


. GY : Don't care 





0090-16 
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HM514400A Series 
¢ Fast Page Mode Read-Modify-Write Cycle 


loc 
|= 
t 
4 rs 


ld —- Vdd 


tow 
>| 4 


s we ii cin A 
: ——— 
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0090-17 





HM514400A Series 


¢ TEST MODE CYCLE 
> 


Test Mode Cycle Reset Cycle . Normal Mode 





~ CBRor RAS only refresh 


ss : Don’t care 


*2* Address, Din, OF : Don’t care 


e Test Mode Set Cycle 
WE And CAS Before RAS Refresh 


t 
ater IN 


“ 2 


< 


Ze 


torr 


<—> 


Bout YY," ——— = 


OHA Pia ? 
Be > Don't care 
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HM514400A Series 


¢ Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 


286 


« VY 
—. VIII) 


-_— - 
~ | aaa 


Hi __High-Z -2 
*" Refresh Address AO ~ AD (AXO ~ AX9) 
: Don’t care 
*** WE : Don’t care 
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—> 
E 


- a —--— iy 


<{(—_———~ -——— - 


> 
> 


{/ 
t tw 
4 | 4 tacs {4 aa 


toer 
<_< A a Ce RL I 


ae 
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HM514400A Series_— ————— 
S Before RAS Refresh Counter Check Cycle (Write 
igen 
4 tGik sh ta Tce tcpT tila tase % | ‘cre 
tcas 
<--> 
: ; : 


> 


I 
mrs a 


t t 
< Ws wy 


High-Z 


. : Don’t care 


Dout 
OE 








HM514100 Series 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit. HM514100 has realized higher density, higher performance and various func- 
tions by employing 0.8 4m CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514100 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


M@ FEATURES 


e Single 5V (+10%) 
e High Speed 
ACCESS TIME: his etre sn oe canteen dense. 80 ns/100 ns/120 ns (max) 
e¢ Low Power Dissipation 
ACUVG MOOG: a.:2d xe chose Visit eee 495 mW/440 mW/385 mW (max) 
standby Modes. ¢.2.3.0:4 250-255 ads ada exces we sie ce bee Oaew W Sede 11 mW (max) 
e Fast Page Mode Capability 
* 1024: SNES CYCIOS 2.) otra cides toad oh aurmgtn tac anatase wa (16 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e Test Function 


M@ ORDERING INFORMATION 


HM514100J3P-8 
HM514100JP-10 
HM514100J3P-12 


HM514100ZP-8 
HM514100ZP-10 
HM514100ZP-12 














Package 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 










@ PIN DESCRIPTION 


Pin Name Function 
Ag-A1o Address Input 

Ap-Ag Refresh Address Input 
Din Data-in 

Dout Data-out 

RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power (+ 5V) 

Vss Ground 


€ HITACHI 








HMS514400JP Series 


3DCP20DA 


(CP-20DA) 


3DZP20 


(ZP-20) 
@ PIN OUT 
HM514100JP Series 
rsa Pike 


JEDEC Pin No. | 
1 725165 





(Bottom View) 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 289 


HM514100 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vgg | Vp | = 10to $7.0 | Vv 
Supply Voltage Relative to Vsg ie eee V 
Short Circuit Output Current ak a mA 
Power Disspation ee eae eee W 
Operating Temperature | Top | «Oto #70 °C 
Storage Temperature | Tg | 55to +125 | °C 


m@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


Note: 1. All voltage referenced to a8 


e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


HM514100-8 HM514100-10 HMS514100-12 
Max Min Max Max 


Parameter Symbol Test Condition Note 


S, CAS Cycling 
trc = Min 


3 
> 


Operating Current Icc} 1,2 


TTL Interface 
RAS, CAS = Ving 
Dout = High-Z 


CMOS Interface RAS, 
CAS 2 Vcc — 0.2V 


B 
> 


Standby Current Icc2 


5 
> 


RAS Only Refresh Current | Icc3 


IE 
Lae! 
Standby Current Iocs i 
= 
pias 
| 24 |v 
on 





ep= 
ec. TS 5 5 
Fieeeeteg ee 


CAS Before RAS Refresh 
m 
Current 
Fast Page Mode Current oe ae 
Input Leakage Current 
Output Leakage Current =e 10 Dour = Disable 
Output High Voltage ECE Se High Ij_y4g = —S5mA 
Output Low Voltage cae V Low Ipyt = 4.2 mA 


Notes: 1. Icc depends on ae = condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj,. 
3. Address can be changed once or less CAS = Vyqq. 


e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Parameter Symbol 
Input Capacitance (Address, Data-in) Si 


Input Capacitance (Clocks) 


Unit Note 


i 


— 


—_ 
~“ 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyjq; to disable Do. 


Output Capacitance (Data-out) 2 
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HM514100 Series 


© AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vgg = OV)I, 12, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


7 : se HM514100-8 HMS514100-10 HM514100-12 aus ee 
arameter mbdo ni ote 


Random Read or Write Cycle Time trc 150 Le eee 180 fn eet ate IO Seek 
Row Address Setup Time taSR ie aa ee eee eee ee 
Row Address Hold Time 


Column Address Setup Time tasc it Oso 


a 
a 
Column Address Hold Time tan | 1 | — [ 2 | 


Oz al ol 
MN 





RAS to Column Address Delay Time tRAD 9 
Transition Time (Rise and Fall) 7 
Read Cycle 

| Min | | Max | Min Max | Min | Max 
Access Time from Address FtaR Ne eects Oe fe ie Mee hs tee | 5 tm 3, 5, 14, 16 
Write Cycle 
Read-Modify-Write Cycle 

Min | Max | Min | Max | Min | Max _| 

Read-Modify-Write Cycle Time Co ee oon ee oe 
Colin Addes OWE Uday Time || dawe | | ae fe ae ee ee 0 
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HM514100 Series 
Refresh Cycle 


Pp t Symbol HMS514100-8 HMS514100-10 HMS514100-12 os 
arameter mbo ni 
= : ax 
CAS Setup Time : 

(CAS Before RAS Refresh Cycle) CSR 


co Pe | | we 
CAS Hold Time 
(CAS Before RAS Refresh Cycle) ftom | > | - | » [| - | a 


Fast Page Mode Cycle 


p F pee HM514100-8 HMS514100-10 HM514100-12 tint ici 
arameter mbDo. ni ote 


Note 


Fast Page Mode Cycle Time 


Tees iaeaian 
Fast Page Mode CAS Precharge Time | te | to | — | 0 | — | 
Fast Page Mode RAS Pulse Width | trasc | — | 100000 | — | 100000 
Access Time from CAS Precharge | tap | — | 50 | — | 50 | 

a 


eh 
rebel 


RAS Hold Time from CAS Precharge | truce | 50 | — | 50 | 


Fast Page Mode Read-Modify-Write Cycle 











Parameter 


Symbol HMS514100-8 HM514100-10 HMS514100-12 
modo. 
Ma 





Fast Page Mode Read-Modify-Write 
Cycle Time 


Test Mode Cycle 


a ee Max | Min | Max _| 
aa ee | os | 
Test Mode WE HoldTime | twa | 20.1 .— | 20 | a 


ee HMS514100-8 HM514100-10 HMS514100-12 tak 
mbdo nl 


Notes: 1. AC measurements assume tr = 5 ns. 


2. Assumes that tpcp < Trcp (max) and trap (max). If trep is greater than the maximum recommended value shown in 
this table, trac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

4. Assumes that trop 2 trcp (max) and trap Ss trap (max). 

5 

6 


Counter Test Cycle 














Parameter 










CAS Precharge Time in Counter 
Test Cycle 






o> 
fs 

ac! 

an 
Bt 


. Assumes that trcp S$ trcp (max) and trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Vi (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vj. 
8. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if tpcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 
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12. 


13. 
14. 
15. 


16. 


HM514100 Series 


An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tag or tcac or tacp. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Doy, and data input pin is Dj. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, taa, tcac and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 














@ TIMING WAVEFORMS 
e Read Cycle 





Address , CLLLLLLLLLLLLLLL LL 
ane 


RCH 
Alten 


ee 


GH/A * Don't care 
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HM514100 Series 
e Early Write Cycle 


Address 





e Delayed Write Cycle 


CAS 


Address 





Da se 
cle 
> — lop HS EEE” 


twos tWcH 


LLL || —__ WEEEIIL 


LLLLLLLLLILLLD_____FRLLLILLLLILLLL2 


‘WH : Don't care 


** twcs 2twes (min) 


tacs 


VLLILLLLLL LS | 2. — 


tos 


MLLLLLLLLLLLLL LLL LD RRL LLL LL LLL LLL 


"WA : Don't care 


HITACHI 
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HM514100 Series 
¢ Read-Modify-Write Cycle 


Address cE ze 


cater =a DEEZ. 


—— B= 


2 


erin aE 
LLL LLL LL 


torr 





{oe 
‘W)_:~ Don't care 





e RAS Only Refresh Cycle 


LLLLLLLL LLL LL L 2 
LLL 


Dout *O : vent care 


** Refresh Addrees: AO-AS 
(AXO-AXQ) 


Address 
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HM514100 Series 
e Hidden Refresh Cycle 


DEEL CX, 
bal 


Address YL LLLLLLLLLLLLLLLL LLL LL LLL LLL LLL LLL LL 


cue OPEN 


: t// Jf J: Don care 


°° WE Vin 
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HM514100 Series 


e Fast Page Mode Read Cycle 


tasr 


Address 7 few KX courn 1) 


Tl 


Dou (an 


. V/ 1.7 fj: Con care 


e Fast Page Mode Early Write Cycle 


tcsn tec 3 tRsH ave 
ame = me FE el [oy ih 
nos peels 7 ay, et i CII. 


Address 


Open °° 


7 WH) ‘Don't care 


* twosatwcs (min) 
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HM514100 Series 
e Fast Page Delayed Write Cycle 


< 


- 


Address ////7X 
WE LLL) 2805. eae Bz 
Din AODTIEZI on 


UZ * Don't care 





e Fast Page Mode Read-Modify-Write Cycle 


CAS 


Address Af PR row J = HL, 
WE XY, ‘fai = 


Te | 
Ba 


torF OFF» 


: VJ) : Don't care 
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HM514100 Series 
e Test Mode Cycle 


Test mode cycie 


*1 CBR or RAS only refresh 
2 [7774 :Don'tcare 
*3 Address, Din Don't care 


7 
——s 


Aa. 7g 
VLLLLL LLL d> LLLLLLLLLLLL LLL LLL LLL LLL 





* Test Mode Set Cycle 





Address AAM/LLLLILLILLLLLLLLLLLLLLLLLLLLLL LLL LLL La 


OPEN 
Dout 


Note °1 LLLL : Don't care 





@ TEST MODE RESET CYCLE 
¢ CAS Before RAS Refresh Cycle 


Addtess  QLLLLLLLLLLLILLLLLLLILLLLLLLLLLL LLL LLL LLL LLL LL 2 


OPEN 


Dout 
Note °1 LLLL : Don't care 
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HM514100 Series 
e RAS Only Refresh Cycle 


CAS LLLLLLLLL \ rails LLL 


Address Y/SL/L/L/IM__fow__, \aianaamaamamaumaemcaataas 


Dout 
Note °*1 Refresh Address A0O~A9 (AXO~AX9) 
*2 LLL L : Don't care 





e CAS Before RAS Refresh Counter Check Cycle (READ) 


trp 


oe 


Ai a ae [fll = ae a 


ae eae 


WE MLLLLL LL LIZ 
eS 


mi fay 


“1 SL 4] . Don't care 
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HM514100 Series 
¢ CAS Before RAS Refresh Counter Check Cycle (WRITE) 


= 


tr | 


IIIA ZILLI 


ttt ea WATT 
toss na 


b= 


OPEN 


“1 LLLLZ Oon't care 





m@ 4M DRAM LOW POWER VERSION 


The specification on the low power version is the same as the standard 4 Megabit DRAM with the exception of the 
following parameters. 


ae aus 


RAS, CAS, WE 2 Vcc — 0.2V 





Ioc2 Other Pin = Voc — 0.2Vor < 0.2V 
(Standby CMOS Interface) (Address and Djny is Stable) Si 
Dout: High-Z 
trc = 125 ps, tras S 1 ps 
Icc10 Vini 2 Voc — 0.2V, Vq_ < 0.2V 300 uA Max 
(Standby with CBR Refresh) WE and OE = Vjyq, Address and Dj, is Stable B 
Dout: High-Z 
ai 128 ms 





*only for 1M x 4. 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 301 


HM514100JP/ZP-7 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 


M@ DESCRIPTION 


The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit. HM514100 has realized higher density, higher performance and various func- 
tions by employing 0.8 um CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514100 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


@ FEATURES 


e Single 5V (£10%, —5%) 
¢ High Speed 
ACCESS TING ascrd ere gst oitnwhitae So eek en eee ea bueeens 70 ns (max) 
¢ Low Power Dissipation 
ACUIVG MOUS 605-09 dated dda Wats C8 eae GEE RE ART Bae 550 mW (max) 
SANDY MOGGs vocws wars asagieiee us Gectin onan éverenanene 11 mW (max) 
e Fast Page Mode Capability 
©-1,024 Refresh Cycles ies. ck cowed tu ieu oe sailew EUS 5s Ewe Oa wnaen (16 ms) 
¢ 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
¢ Test Function 


@ ORDERING INFORMATION 


Access 


70 ns 












Package 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 












HM514100JP-7 





HM514100ZP-7 70 ns 


@ PIN DESCRIPTION 


Pin Name Function 
Ao-Aio Address Input 

Aop-Ag Refresh Address Input 
Din Data-in 

Dout Data-out 

RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power (+ 5V) 

Vss Ground 


€ HITACHI 


HMS514400JP Series 


(CP-20DA) 


@ PIN OUT 


HMS514100JP Series 
Hitachi Pin No. 


(Bottom View) 
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3DCP20DA 


3DZP20 








HM514100JP/ZP-7 
@ ABSOLUTE MAXIMUM RATINGS 


an Unit 
Voltage on Any Pin Relative to Vss V 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Disspation Peep he RO W 
Operating Temperature oC 
Storage Temperature Tete eC 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to + 70°C) 


input Low Voltage Vin |. oo. 1 


Note: 1. All voltage referenced to Vgs. 


DC Electrical Characteristics (Ta, = 0 to + 70°C, Voc = 5V +10%, —5%, Vsg = OV) 


HM514100-7 we Be chine si 
nl est Condition ote 


TTL Interface 
2 mA RAS, CAS = Vig 
Dout = High-Z 
Sa a toca CMOS Interface RAS 
mA CAS 2 Vcc — 0.2V 
Dout = High-Z 


Parameter Symbol 








RAS Only Refresh Current Icc3 2 
Standby Current Iocs 1 
CAS Before RAS Refresh Current Iccé6 

Fast Page Mode Current Ioc7 1,3 


Input Leakage Current Ip — 10 OV < Vin < 7V 


e OV < Vout = 7V 
Output Leakage Current ILo 10 few Dout = Disable 


Output High Voltage OH Voc High Iout = —5mA 
Output Low Voltage VoL nak ae ae Low Ioyt = 4.2 mA 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj. 
3. Address can be changed once or less CAS = Vyq. 


e Capacitance (Ta = 25°C, Vcc = 5V +10%, —5%) 


Input Capacitance (Address, Data-in) Ch a ee ee ee ee 1 
Output Capacitance (Data-out) ae a ee eee ee ee: ee 1.2 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyqz to disable Dour. 


i 
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AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, —5%, Vsg = OV), 12, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Parameter 


Random Read or Write Cycle Time 
RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

Row Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 
Column Address Hold Time 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 
RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 
Transition Time (Rise and Fall) 
Refresh Period 


Read Cycle 


Parameter 


Access Time from RAS 

Access Time from CAS 

Access Time from Address 

Read Command Setup Time 

Read Command Hold Time to CAS 
Read Command Hold Time to RAS 
Column Address to RAS Lead Time 
Output Buffer Turn-off Time 


Write Cycle 


Parameter 


Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Setup Time 

Data-in Hold Time 


Read-Modify-Write Cycle 


304 


Parameter 


Read-Modify-Write Cycle Time 
RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 
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Symbol 


ae 


0 10 a) 


”M 


tRSH 
tcsH 
tcRP 


tREF 


Symbol 


tRAC 


ot 
Q 
> 
Q 


taAA 
tRcS 


x |= 


E 


tOFF 


Symbol 


twcs 
twcH 
twp 
tRWL 
tCWL 
tps 
tpH 


Symbol 


tRWC 
tRWD 
tcwD 
tawD 


HM514100-7 


HM514100-7 


) 
oO 


~l 
Ww 


a 
Oo 


N 
oS 


HMS514100-7 


N 


MiMi aia 


hs 
a 


HMS514100-7 
Max 


170 


~~ 
jo) 


© HITACHI 


Unit 


Unit 


Unit 


Unit 


Note 


Note 


2, 3, 16 
3, 4, 14 
3, 5, 14, 16 


Note 


10 


11 
11 


Note 


10 
10 
10 


HM514100JP/ZP-7 
Refresh Cycle 


HM514100-7 
Parameter Symbol Unit Note 


CAS Setup Time _ 
(CAS Before RAS Refresh Cycle) CSR 
CAS Hold Time ‘a 
(CAS Before RAS Refresh Cycle) CHR 


RAS Precharge to CAS Hold Time ee ee eee 


Fast Page Mode Cycle 


HMS514100-7 
Parameter Symbol 
[Min | a 


Unit Note 


Fast Page Mode CAS Precharge Time | tcp itt 

Fast Page Mode RAS Pulse Width | trasc df 100000 
Access Time from CAS Precharge | tae | 

RAS Hold Time from CAS Precharge | truce =f i aT 


13 
14, 16 








Parameter 


Fast Page Mode Read-Modify-Write 
Cycle Time 





Test Mode Cycle 


HM514100-7 
Parameter Symbol Unit Note 
a 


HM514100-7 
Symbol 


in| Mae 
Poo | we | 


Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap (max). If trcp or trap is greater than the maximum recommended value 
shown in this table, trac exceeds the value shown. 
3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
4. Assumes that trop 2 trcp (max) and trap S trap (max). 
5 
6 


Counter Test Cycle 






Parameter Unit 






CAS Precharge Time in Counter 
Test Cycle 





. Assumes that tpcp *S trcp (max) and trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vy. 
8. Operation with the tpcp (max) limit insures that tp ac (max) can be met, tpcp (max) is specified as a reference point only, 
if tpcp is greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 
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12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. trasc defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of ta, or tcac or tacp. 

15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Doy; and data input pin is Djy. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of trac, taa, tcac and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 


m@ TIMING WAVEFORMS 
e Read Cycle 








RCH 
tRRH 


Address yf : CLLLLLLLLLLLLLLLL LL 


RLLLLLLLLL 


V/A Don't care 
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HM514100JP/ZP-7 
e Early Write Cycle 


=e 


cle, 
ncaroce ae el ee 


twos {wou 


LLL | —_ WLI 
LLL = XLII 





‘VW : Dont care 


** twos 2twes (min) 





e Delayed Write Cycle 


pers 


Address = 77 ote: a naa 


tacs 


LLLLLLLLLLLS | — 


tps 


VLLLLLLLLLLLLL LLL FLEE LLL LL LLL LLL 


"V4 | Dont care 
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e Read-Modify-Write Cycle 


tawe 


ie 
oof 
Address LK RLLLLLLLLLLLLLLLL 


miro 


we 
ees 
LLL” | | Wee 
an als | 
LLLLLLLLLLLLL LLL LL SIL A fh ttt tte 


a 
‘W7,_~Don't care 





e RAS Only Refresh Cycle 


LIE | LLL” 
tasr tray 


lh, Ee 
Dout : Don't care 


* Refresh Address: A0-A9 
(AXO-AXG) 


Address 
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HM514100JP/ZP-7 
® Hidden Refresh Cycle 


a 





e CAS Before RAS Refresh Cycle 


= Se 
CAS fe N, 
Address “W/W LLLLLLLLLLLLLLLLLLLLLLLLLLL LLL Lh lll 


Dout OPEN 


° 47) : Don't care 
- WE 


Vin 
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e Fast Page Mode Read Cycle 


Dout 


‘ V/ ff) : Don't care 





0061-11 


e Fast Page Mode Early Write Cycle 


a a tRsH 


ae 


eotte a —_ 


a | vs J ee 


Open °° 


° W472 ‘Don't care 


** twosatwes (mn) 
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HM514100JP/ZP-7 


<a 


Address //7 so Bagi abs a aGacat 


ie 


wt Wom ed ime 
Din = GLEE KOK KA KL 
‘LZ concare 





e Fast Page Mode Read-Modify-Write Cycle 





CAS 


Address SL PR Fou] < in HL, 


WE wie aie 


ae 
somos i 


i aie 


(ee 


eed 
<a tace 
torr 





. : Don't care 
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m@ TEST MODE CYCLE 


"41 CBR or r RAS only re’ 
2 (4/24 polatohegs 
*3 Address, Din: Don't care 


IEE ” WALL 





¢ Test Mode Set Cycle 


Address AY ALLLLLLLLLLLLLLLLILLLLLLLLLL LLL LLL LLL 


OPEN 
Dout 


Note °1 LLLL : Don't care 





@ TEST MODE RESET CYCLE 
e CAS Before RAS Refresh Cycle 


CAS 


WE 


Address QLLLLLLYLLLLLLLLLILLLLLLLLLLLLLLLL LLL LLL LLL LLL 


OPEN 


Dout 
Note °1 LLLL : Don't care 
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e RAS Only Refresh Cycle 


CAS 


Address 


Dout 


LLLLLLL LL) lle KZIIL MLLLLLLL 


VLLLLLLLLL__* _ KLILLILLLLLLLLLLLLL LLL LL Lh 


Nols *1 Refresh Address A0~A9 (AXO~AX9) 
*2 LLL : Don't care 





e CAS Before RAS Refresh Counter Check Cycle (READ) 


Ai 


WE 


Din 
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tap 


+. i 
LILLIA TTD = KTR LILI 


ele 


EL i r LLL 


a a 


“4 CLLLL . Don't care 
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e CAS Before RAS Refresh Counter Check Cycle (WRITE) 


: —~ 


tr | 


aaa 


Ai YLLLLL 2 ZILLA, = KLLLLLLLLLL LL 2 


we) LLL Zk MLL 
toss na 


OPEN 


“4 SLLL2 Don't care 
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m@ 4M DRAM LOW POWER VERSION 


The specification on the low power version is the same as the standard 4 megabit DRAM with the exception of the 
following parameters. 


RAS, CAS, WE 2 Voc — 0.2V 
Icoc2 Other Pin = Voc — 0.2Vor < 0.2V 





(Standby CMOS Interface) (Address and Dip is Stable) 200 A Max 
Dout: High-Z 
trc = 125 ps, tras S 1 ps 
Icci0 Viti 2 Vee — 0.2V, Viz, S$ 0.2V 300 wA Max 
(Standby with CBR Refresh) WE ane OE = Vy, Address and D,, is Stable 
eg 128 ms 





*only for 1M x 4. 
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HM514100L Series 1ow Power version 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 


lM DESCRIPTION 


The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit. HM514100 has realized high density, higher performance and various func- 
tions by employing 0.8 4m CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514100 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+10%) 
e High Speed 
ACCESS NIMC -< 465.0 ro ner eee eee Ren eeee 80 ns/100 ns/120 ns (max) 
¢ Low Power Dissipation 
Active Mode ............. 2c cece cece ees 495 mW/440 mW/385 mW (max) 
StANADY MOUG sss. 4a:ateretecnsued & eee See GEN A Teed Loan 11 mW (max) 
e¢ Fast Page Mode Capability 
© 1,024 Retresn Cycles. a s.s.s-c00¢scus nao dnaw.a c4en aise eerie Malena ts (128 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e Test Function 
¢ Battery Back Up Operation 


@ ORDERING INFORMATION 


Access Time 













Package 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 


HM514100LJP-8 
HM514100LJP-10 
HM514100LJP-12 


HM514100LZP-8 
HM514100LZP-10 
HM514100LZP-12 










@ PIN DESCRIPTION 


Pin Name Function 
Aop-Aio Address Input 

Ag-Ag Refresh Address Input 
Din Data-in 

Dout Data-out 

RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power ( + 5V) 

Vss Ground 
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HMS514100LJP Series 


(CP-20DA) 


(ZP-20) 


@ PIN OUT 
HMS514100LJP Series 
Hitachi Pin No. 
JEDEC Pin No. 
1 7% 
2 2 
3 24 
4 23 
5 2 
18 
17 
16 


15 
14 


(Bottom View) 
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3DCP20DA 


3DZP20 
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HM514100L Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Voltage on Any Pin Relative to Vss —1.0to +7.0 V 
—1.0to +7.0 V 


V 
Supply Voltage Relative to Vss V 
P 


T : : 
CC : 

Short Circuit Output Current 50 mA 

Power Dissipation | Pp | ts W 

Operating Temperature oC 

Storage Temperature oC 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Note: 1. All voltage referenced to Vgs. 
e DC Electrical Characteristics (Ta = 0 to +70°C, Vcc = 5V +10%, Vsg = OV) 


HM514100-8 | HM514100-10 | HM514100-12 
Unit 
RAS, CAS Cycling ie 
trc = Min 
2 


Min} Max Min | Max | 
TTL Interface RAS, CAS = Vyq, 
2 A 

a4 [mm Pout = Hise 
CMOS Interface RAS, CAS and 
WE 2 Vcc — 0.2V or s 0.2V, 

ay) ” a Address and Dj,: Stable, 

Dout = High-Z 


RAS = Vyy, CAS = Viz 


o 
= 


— 


Parameter Symbo 


Operating Current 
=| 2 
Standby Current Icc2 
200 


Test Conditions Note 





RAS Only Refresh Current 


Standby Current Iccs 


CAS Before RAS Refresh Current 


| 90 
Fast Page Mode Current coz | — | 90 | 


Battery Back Up Operating 
Current (Standby with CBR Iccio 300 
Refresh) 

— 10 


Input Leakage Current Igr |—10) 10 | — 10 


Output Leakage Current — 10 












trc = 125 us, tras S lps 
Vcc — 0.2V s Vig Ss 6.5V, 
OV < Viz, Ss 0.2V 

WE = Vjq;, Address and 
D,p: Stable, Doyt = High-Z 


|= 
| 
— 
S 

|e 


_ OV < Vout S$ 7V, 
Output High Voltage 2.4 High Ipye = —S5mA 
Output Low Voltage Vor | 0 | 04 | 0 | 0.4 Low Ipyt = 4.2 mA 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while CAS = Vj,. 
3. Address can be changed once or less CAS = Vj. 


é 
‘o) 
ho 
EE 
< 
i) 
Q 
Ba 
<' 


e Capacitance (Ta = 25°C, Vcc = 5V + 10%) 


Parameter Typ Max Note 
Input Capacitance (Address, Data-in) Ci Re ee 
Input Capacitance (Clocks) Cy | o— | 7 | pF | 1 
Output Capacitance (Data-out) a ee a ee | pF 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy to disable Doyt. 


OQ 
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HM514100L Series 


e AC Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vgg = OV)1: 12, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


pec aes 
| Max | Min | Max | Min [| Max | " ; 
| = | 180 | 

eet 


Parameter Symbol 





Read Command Hold Time to CAS tRCH ee hee EF eel 
Read Command Hold TimetoRAS | tran | 10 |.— | 10 | — 
Column Address to RAS Lead Time He tps]. MOP ee MT ae ee I 28 eee 


Write Cycle 


| 
Write Command to RAS Lead Time 25 Et See al 25 ee a ee ee 


Read-Modify-Write Cycle 


HM514100-8 HM514100-10 HM514100-12 
Parameter Symbol : Unit Note 
Min Max 


Random Read or Write Cycle Time trc 180 ae eae 
RAS to Column Address Delay Time tRAD re ae Tk ae ee ae SS 9 
Read Cycle 
HM514100-8 HM514100-12 : 
Access Time from Address thay lv see AO ee ab et ee an, 2 3, 5, 14, 16 
Read Command to Setup Time tRCS oe ee ee ee ee ee 
a ee pins | 
ee ee ee 
| ns 


Read-Modify-Write Cycle Time is0 | — | 20 | — | 25 | — | os | 
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HM514100L Series 
Refresh Cycle 


HMS514100-8 HMS514100-10 HMS514100-12 
Parameter Symbol Unit Note 


_ | Max | Min | Max _| 
CAS Setup Time _ ; x 
(CAS Before RAS Refresh Cycle) CSR 

| | 


CAS Hold Time ; a 
(CAS Before RAS Refresh Cycle) CHR 


Fast Page Mode Cycle 


. ; ere HMS514100-8 HMS514100-10 HM514100- Unit i 
arameter modo. nl ote 


Fast Page Mode Cycle Time Pape 55 ee 
Fast Page Mode CAS Precharge Time ieee Op ee IO. Be 
Fast Page Mode RAS Pulse Width | trasc | — | 100000 | — | 100000 | 
Access Time from CAS Precharge | tae | — | 50 | — | 


RAS Hold Time from CAS Precharge 


Fast Page Mode Read-Modify-Write Cycle 







Parameter 











Fast Page Mode Read-Modify-Write 
Cycle Time 





Sumbol HMS514100-8 HMS514100-10 HMS514100-12 Unit 
mbdo nl 


fee Le [-[e[-[ = [= 
Test Mode Cycle 


ee eo es 
me a eT 


Test Mode WE Setup Time tws 


ee ae 
Test Mode WE Hold Time twH ; 20 | 


Counter Test Cycle 

















Parameter 


Sere HM514100-8 HMS514100-10 
modo 


HM514100-12 
Min Max 





CAS Precharge Time in Counter 
Test Cycle 
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Notes: 


nN 


Amn & Ww 


HM514100L Series 


. AC measurements assume tr = 5 ns. 
. Assumes that tpcp < trcp (max) and trap S$ trap (max). If trcp or trap is greater than the maximum recommended 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that tpcp 2 trcp (max), trap * trap (max). 

. Assumes that trop < trcp (max), trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


7. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


10. 


11. 


12. 


13. 
14. 
15. 


16. 


between Vyyy and Vj,. 


. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 


if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

twcs, trwp,> tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of taa or tcac or tacp. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—RAj9, CAjo9 and 
CAg. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Do,y; and data input pin is Dj. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, taa, tcac and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514100L Series 
@ TIMING WAVEFORMS 
¢ Read Cycle (1) 





a 
reel 


Address 7) —_ LLL ALS ETCZA Me 


e.:: {RRH 


SLLL2, : : Don't care 
0063-3 


e Early Write Cycle (2) 





320 


= 


iit ples TE LLEEZEEZEZZZ_ 


twos twcH 


w WLLL || —_ WLLL 
Open *" 


Dout 


"VY : Don't care 


** twces 2twes (min) 
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HM514100L Series 
¢ Delayed Write Cycle (3) 


Address ‘//) ~ Row =f pen tie Column ie Vth tp ttt ttt 


es on 


WE et —4 ~ VLE. 


tos 


Din LLL ILL 
. : Don't care 





¢ Read-Modify-Write Cycle (4) 


tRwc 


.§ 7 


= 
ress 7 Row KO Column POY IL LLL LLL LLL 
Add oe yy mi 


Le} 1. tcwo 


- LILLE” | | ZZ 


ne 
Din JLLLLL LLL LL LL LLL LLL _ PLL LLL LLL LLL 


torr 


Dout trac Dout 





. W772 : Don't care 
0063-7 


@ HITACHI 
Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 321 


HM514100L Series 
e RAS Only Refresh Cycle (5) 


? Ot ff) : Don't care 
** REFRESH ADDRESS: A0O-A9 
(AX0-AX9) 


0063-8 


e Hidden Refresh Cycle (6) 


tras tRAS 


tcas a 


MLLLLLLLLLL LK _ 
a (RCH 


torr 


> 





“4 ALLLL : Don't care 
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HM514100L Series 
e CAS Before RAS Refresh Cycle (7) 


tRAS 


ee = 


aasress LLLLLLLLLLLL LLL LLL LLL LLL LLL LLL 


OPEN 
Dout 


"(7H : Don't care 


WE > Vin 





e Fast Page Mode Read Cycle (8) 


=n 
—— 
7 oe 


Address 7X Row | manele ; A med fe S a Se LLILLL 


tRCH 


a= 


Dout 





11, Dont ca 
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HM514100L Series 
e Fast Page Mode Early Write Cycle (9) 


tRASC 


Address //) {Row i ol LLLLLL VLLLLLL2 


twcoH 


we LE eee —_ 


Dn LLLLLLLDP ol ekez 


Dout 


. VLLLD : : Don't care 


* — twes 2 twes (min) 





e Fast Page Delayed Write Cycle (10) 


tRasc tap 


Address = Bae Lf hs a ay Sn 


WE LLL 3) aie aoa: Fz 


on LIL i LLL LL a 


UZ, : Don't care 
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HM514100L Series 
e Fast Page Mode Read-Modify-Write Cycle (11) 


Address 


+ 
i 
IST 
ashe 





1/17 : Don't care 
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HM514100L Series 
e Test Mode Cycle 














*3 Reset Normal 
set cycle Test mode cycle Cycle *1°3 | mode 


= 777} 


*1 CBR or RAS only refresh 
‘2(ZZLA :Don'tcare 


*3 Address, Din: Don't care 


0063-15 


> 
N 
\ 


© Test Mode Set Cycle (1) 


= — 


TILE. VLLLLLILLLLLLLLLL LLL LLL Le 


Address 


Dout 
Note “1 LLLL : Don't care 


0063-16 
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HM514100L Series 
¢ Test Mode Reset Cycle (2) 


; $e 


WE gp emp yz NITE: 
address LLLILLLLLILLLLLLLLLLLLLLLLLLLLLLLLLLL LLL LLL 2 


OPEN 



















Dout 





Note “1 LLLL : Don't care 
0063~17 


e RAS Only Refresh Cycle 


tre 
tras 


torp tape 


taAH 


address YY////ZX_Pow___ OMA LLLLLLtltllll lle 


OPEN 
Dout 


Note *1 Refresh Address AO~A9 (AXO~AX9) 
7 OLD, : Don't care 
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HM514100L Series 
¢ CAS Before RAS Refresh Counter Check Cycle (READ) 


= SALLI 


Dl Saal 


ae 


> 


*4 ALLL, : Don't care 
0063-19 


VLLLLLL LL 2 ILI = 


——— ee MI 
LLLLLLLL) AN LU: VLLLLLLLLLLL 2 


od | RT 


OPEN 





*4 LLL : Don't care 
0063~20 


@ HITACHI 
Hitachi America, Ltd. « Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





HM514101 Series 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 


@ DESCRIPTION HM514101JP Series 


The Hitachi HM514101 is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit. HM514101 has realized higher density, higher performance and various func- 
tions by employing 0.8 wm CMOS process technology and some new CMOS circuit 
design technologies. The HM514101 offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514101 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


M@ FEATURES 


¢ Single 5V (+10%) 
e High Speed 
ACCESS TIMG ss aiwe nine sca ae eaaae en 80 ns/100 ns/120 ns (max) 
e Low Power Dissipation 
Active Mode ........... cece cece eee renee 495 mW/440 mW/385 mW (max) 
Standby Mode sndwiciens.setaunnaess vddtwed a aui Gendaaaot hau 11 mW (max) 
¢ Nibble Mode Capability 
©1024 Hetresht;CVClOS 2su.% uch sneer suds na echo weet eae Sa ae (16 ms) 
e 3 Variations of Refresh 3DZP20 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh m@ PIN OUT 


e Test Function HMS514101JP Series 
@ ORDERING INFORMATION Hitachi Pin No. 
Paka tere 
Tes 1 S726 
mil 20-pin 
Plastic SOJ _WE 25 
(CP-20DA) 24 


400 mil 20-pin 23 
Plastic ZIP 22 


3DCP20DA 


(CP-20DA) 
















HM514101JP-8 
HM514101JP-10 
HM514101JP-12 


HM514101ZP-8 
HM514101ZP-10 









HMS514101ZP-12 (ZP-20) 

m PIN DESCRIPTION 7 
Pin Name Function 16 
Ag-A10 Address Input 15 
Ao-Ag Refresh Address Input 14 
Din Data-in 
Dout Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power ( + 5V) 

Vss Ground 


(Bottom View) 
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HM514101 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter i Unit 
Voltage on Any Pin Relative to Vgg —10to + 7.0 V 
—1.0to +7.0 V 


Supply Voltage Relative to Vss 


Short Circuit Output Current Tout BO mA 
Power Dissipation a WwW 
Operating Temperature Oto +70 tC 


Storage Temperature Tstg —55to + 125 °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter Min Typ Max Note 
Input Low Voltage Vit -20 | — |  o8 | Vv. 1 


Note: 1. All voltage referenced to Vgs. 
e DC Electrical Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV) 
HMS514101-8 HMS514101-10 HMS514101-12 


Test Conditions Note 
as 


Parameter Symbol Unit 


RAS, CAS Cycling 


Operating Current Icc1 tro = Min 


TTL Interface 


EAS CAS = Vyy, 
Dour = High-Z 


CMOS Interface RAS, 
CAS = Vcc — 0.2V, 








Standby Current Icc2 









He 


= 3 3 
Feeeee lege 


1 
B OBE Pov Hehe 
RAS Only Refresh Current | Icc3 | 90 | feOr |. ee | 0 2 
CAS Before RAS Refresh 
Current locs tro = Min 
< = Vout < 7V, 


Notes: 1. I¢c¢ depends on output load condition when the device is selected, [cc max is cee at the output open condition. 
2. Address can be changed once or less while RAS = Vjy,. 
3. Address can be changed once or less while CAS = Vjyy. 


© Capacitance (Ty = 25°C, Vcc = 5V +10%) 





Input Capacitance (Address, Data-in) Cry eee aati 1 
Input Capacitance (Clocks) Cir a ee ee ee: ee 1 
Output Capacitance (Data-out) a Se ee ee a | ae 1,2 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyqx, to disable Doy:. 
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HM514101 Series 
¢ AC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)! 12, 13 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM514101-8 HM514101-10 HM514101-12 


Parameter Symbol Unit Note 


Random Read or Write Cycle Time 





rs Cif 
Pace f= | 210 | ns | 
Transition Time (Rise and Fall) a 7 
Read Cycle 
aa ae eT Max ar eae 
eee 0 


Read Command Hold Time to RAS | trey | 10 | to | — | os | 
Column Address toRASLead Time | tran | 40 | — | 4 | — | 55 [| — [ ms | 


Write Cycle 


Parameter Symbol Unit Note 
Max 


Read-Modify-Write Cycle 


Read-Modify-Write Cycle Time | trwe | ae 
Column Address to WE Delay Time o | — |6 | — | 5 | — [| » | 1 
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HM514101 Series 
Refresh Cycle 


HM514101-8 HM514101-10 HMS514101-12 


Max 
Max 


Parameter Symbol Unit Note 


| Min | | Min | Max | Min | Max _| 
CAS Setup Time 10 10 
(CAS Before RAS Refresh Cycle) 
CAS Hold Time : 20 25 
(CAS Before RAS Refresh Cycle) CHR 


RAS Precharge to CAS Hold Time tRPC 


Nibble Mode Cycle 


rem 
JES 
io |= 
Mi 
Nibble Mode Access Time tNAC 30 
fee! 
os) 
a oe 
3 | — | 


Parameter Symbol Unit Note 


om 
coe 


eee 
Nibble Mode Cycle Time tNc 
| 10 a 
Led 
es 


Nibble Mode CAS Precharge Time tNcPp 
Nibble Mode CAS Pulse Width es 
Nibble Mode RAS Hold Time trrsH | 25 | 


Nibble Mode Read-Modify-Write Cycle 


. ee HMS14101-8 HMS514101-10 HM514101-12 
arameter mbo 

Nibble Mode Read-Modify-Write t 
Cycle Time NRWC 


Nibble Mode Write Command t 25 30 
to CAS Lead Time NCWL 

Nibble Mode CAS to WE : 

Delay Time NEW 


Test Mode Cycle 
Oe ee Oe 
Se ee eee 


M 
2 
M 
Z 


Z or 
ldgddu EEE 


—z 


Unit Note 


Parameter 


Test Mode WE Setup Time 


in 
Test Mode WE Hold Time 


Counter Test Cycle 














eee HM514101-8 HMS514101-10 HMS514101-12 ae 
arameter mbo ni 
CAS Precharge Time in 

Counter Test Cycle pier | @ | - | » | - | @ | - | ew 





Notes: 1. AC measurements assume tr = 5 ns. 

2. Assumes that trcp S trcp (max) and trap S trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that trop 2 trcp (max) and trap S trap (max). 

5. Assumes that trcp S trcp (max) and trap 2 trap (max). 

6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Viy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vy,. 

8. Operation with the tpcp (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max) limit insures that trop (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 
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HM514101 Series 


10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcewp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 js is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Doyt and data input pin is Dj,. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

14. In a test mode read cycle, the value of trac, taa, tcac and tnac is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 


@ TIMING WAVEFORMS 
e Read Cycle (1) 








tasr tRaH 
tRA 


D 


ee 
Address 7/2 KL [0h POLLSLILLLLLLLLLL LLL 


pt | tRRH 
ee | 
torr 


7 


K Dou 
ALLL2 : Don't care 


0066-3 
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HM514101 Series 
e Early Write Cycle (2) 


che, “TE 
Address 7/7 Row KX os, KLLLLLLLLLLLLLL LLL 0 


twes 


- EE 
on WAKE. 
Open ves 


‘VW : Don't care 


** twes2twes (min) 





e Delayed Write Cycle (3) 


Address 7/7 Row — rl 


rite 


WE LLL °° TT 


tps 


Din MLLLLLLLLLLLLLLLL Le 2” SRLLLLLLLL LLL LLL 
. : Don't care 
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HM514101 Series 
e Read-Modify-Write Cycle (4) 


seta: 225 pes SH dhe 


ae 
- LILLE” | | ZZ 


EE 
vn LLL LLL ILL 


torr 
{oa 
? Vff// : Don't care 
0066-7 





¢ RAS Only Refresh Cycle (5) 


trap 


ZL | Mf tsb tttsde 


address 2/2 POW KY YI ILL LLL LLL LLL LLL 


Dout OPEN 


° : Don't care 


** REFRESH ADDRESS: AO-A9 
(AX0-AX9) 
0066-8 
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HM514101 Series 
¢ Hidden Refresh Cycle (6) 


Valid Data 





*4 WLLL : Don't care 
0066-9 


¢ CAS Before RAS Refresh Cycle (7) 


[es ss 


adivess LLYLLLILLLLLLLLLL LLL LLL LLL LLL LLL LLL LLL LLL 


OPEN 


Dout 
" —L): Don't care 


WE: Vin 
0066 
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HM514101 Series 


® Nibble Mode Read Cycle (8) 


= trcp tcas =p Sirs 
aaa, 
mee 


Address 7X Row] qt Row ae Y4tts A rap 





WE oo: tae —_" AL 


Dout 





: V//23 : Don't care 
0066-11 


¢ Nibble Mode Early Write Cycle (9) 


ai = = 
ells alle | 
Address “7 Row f en hag 


tWCH 


we ZZ || WD we | WEEE. 


tbH 


pn LLL in KDA in Di KYL 
ans 


Dout 
ou . ALLL : Don't care 


* — twes = twes (min) 
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HM514101 Series 
e Nibble Mode Delayed Write Cycle (10) 


tne ' 
RSH 
trop exe 


a ai 


address JX Row BE cownns RALLY LL LLLLLLLLLLL LAL LLL L 


trcs 


: 4/4, : Don't care 
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HM514101 Series 
¢ Nibble Mode Read-Modify-Write Cycle (11) 


tRSH 
taco — 


ELF “L 


eee a LLLLLALLL LLL 2 


WE 


aper 
“ ise 
Zee 


als — 


=i a {Deut Dout 





. W/// : Don't care 
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HM514101 Series 
¢ Test Mode Cycle 


*3 Reset Normal 
set cycle Test mode cycle Cycle *1°3 mode 


*1 CBR or RAS only refresh 
*2 (LLLL : Don't care 
*3 Address, Din: Don't care 


0066-15 
= aC ae tcar 
Ee 





Test Mode Set Cycle (1) 


MLLLLLLLL2> VLLLLLLLILLLLLLLLLLL LLL 


Address 


Dout 
Note “1 (LLLL -Don'tcare 


0066-16 
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HM514101 Series 
e Test Mode Reset Cycle (2) 
CAS Before RAS Refresh Cycle 


oe E 


wpe | “emp ae 
address LLLLLLLLLLLLLLILLLILLLILLLLLLLLLLLL LLL LLL LLL 


OPEN 





Dout 
Note “1 LLLL : Don't care 





AS Only Refresh Cycle 


tre 


tras 
CP 


os LLLLLLILL/\ ale LILI 


Address CTI a LEE VLLLLLLLLL LL LL 


OPEN 


Dout 
Note *1 Refresh Address AO~A9 (AXO~AX9) 


2 (ZLL4 : Don't care 
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HM514101 Series 
e CAS Before RAS Refresh Counter Check Cycle (READ) 


tRsH tcrp 
¥ - 


ee 


ae Naan 


IE i [az 


torFy 


4 : Don't care 





e CAS Before RAS Refresh Counter Check Cycle (WRITE) 


aA 


Zi es AL 


LED eee 7" WILLIE 
toss] a 


OPEN 





*4 LLL) : Don't care 
0066-20 
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HM514101A Series —=77/7/—| Preliminary 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 


™@ DESCRIPTION HM514101AJ Series 


The Hitachi HM514101A is a CMOS dynamic RAM organized as 4,194,304-word 
xX 1-bit. HM514101A has realized higher density, higher performance and various 
functions by employing 0.8 wm CMOS process technology and some new CMOS 
circuit design technologies. The HM514101A offers Nibble Mode as a high speed 
access mode. 

Multiplexed address input permits the HM514101A to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


M@ FEATURES 


¢ Single 5V (+10%) 
¢ High Speed 

ACCESS: TMG xuisea- tac eames aswusen sees eee eae 70 ns/80 ns/100 ns (max) 
¢ Low Power Dissipation 

ACV MOdG 3. 62.0504 et oo ee sa eee ae 550 mW/495 mW/440 mW (max) 

Standby MOdC si is bs ark ee asu dies sa akiow we Bea eta ene 11 mW (max) 
¢ Nibble Mode Capability 3DCP20D 
© 1,024 Refresh Cycles... 00... cc ccc cece ccc cece ee evneervcecteeenrs (16 ms) 
¢ 3 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 
e¢ Test Function 


3DCP20DA 


(CP-20DA) 





3DZP20 





lM ORDERING INFORMATION 


HM514101AJ-7 
HM514101AJ-8 
HM514101AJ-10 


HM514101AS-7 
HM514101AS-8 
HM514101AS-10 


HM514101AZ-7 
HM514101AZ-8 
HM514101AZ-10 


@ PIN OUT 
HM514101AJ/AS Series 














Package 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


300 mil 20-pin 
Plastic SPJ 
(CP-20D) 
400 mil 20-pin 
Plastic ZIP 
(ZP-20) 



















m@ PIN DESCRIPTION 





Pin Name Function 

Ao-A1o Address Input 

Ap-Ag Refresh Address Input : 0148-2 
D,. as (Top View) (Bottom View) 

Dout Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Read/Write Enable 

Vcc Power (+ 5V) 

Vss Ground 
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HM514101A Series 
@ ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss V 
Supply Voltage Relative to Vsg V 
Short Circuit Output Current 

Power Dissipation W 
Operating Temperature © 
Storage Temperature RE 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter Symbol 


Note: 1. All voltage referenced to Vgg. 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


RAS, CAS Cycling 
tro = Min 


Parameter Symbol 


Operating Current Icc1 


RAS Only Refresh Current | Icc3 


Standby Current Iccs 
CAS Before RAS Refresh 
Current C6 





| Min | 
Nibble Mode Current ecg | — | 
Input Leakage Current Ing | —10 | 

[24 


Output Leakage Current ILo 


Output High Voltage 2.4 


Output Low Voltage VoL FO 


Notes: 1. Ioc depends on output load condition when the device is selected. Icc¢ max is are at the output open condition. 
2. Address can be changed < 1 time while RAS = Vjy,. 
3. Address can be changed < 1 time while CAS = Vyq. 


© HITACHI 
344 Hitachi America, Ltd. « Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HM514101A Series 


Input Capacitance (Address, Data-in) Ie, Oi. [eo eee. te oc OEY 1 
Output Capacitance (Data-out) Lear > A ee a 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyqx to disable Doyt. 


2 


— 
a 





¢ AC Characteristics (Ta = 0 to + 70°C, Voc = 5V £10%, Vgg = OV)I 12, 13 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 





| Min | Max | Min | | Max | | in | Max | 
Random Read or Write Cycle Time trc 130 i ee ee a a 
Read Cycle 

| Min | Max | | Min | | ax | Min | | Max 
Access Time from Address tAA | — | 35 {| — {| 4 {| — | 4 | os | 3,5, 14 
Output Buffer Turn-off Time (OFF | o {| 2» | o | » | o {| 2 | os | 6 
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HM514101A Series 


Write Cycle 
[in [Max [Min [Max | Min [Max 

Read-Modify-Write Cycle 
Column Address to WE Delay Time | tawn | 35 | — {| 4 | — | 4 | — [os | 10 
Refresh Cycle 
CAS Setup Time 
CAS Precharge Time in Normal Mode ften | 10 | — | 0 | — | wo | — | os | 
Nibble Mode Cycle 

eee HMS514101A-7 HM514101A-10 sie 
Nibble Mode Read-Modify-Write Cycle 

mney ie 
al oe 
Cycle Time 
Stage fom [> [= [= [= [to 
saree [owe [= [= [= TT 
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HM514101A Series 


So HMS14101A-7 HM514101A-8 HMS514101A-10 uid a 
modo ni ote 


Test Mode Cycle 



















Counter Test Cycle 




















; . vate HMS514101A-7 HMS514101A-8 
arameter mbo 

CAS Precharge Time in 

Counter Test Cycle fr | @ | - | © | - | » | = | ow | 





Notes: 1. AC measurements assume ty = 5 ns. 

2. Assumes that tpcp © trcp (max) and trap ¥ trRAp (max). If trep or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tpcp 2 trcp (max) and trap Ss trap (max). 

5. Assumes that trop < trcp (max) and trap 2 trap (max). 

6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Viz (min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyy; and Vy. 

8. Operation with the tacp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max) limit insures that trac (max) can be met. trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twos 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcewp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 ys is required after power-up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. Test mode operation specified in this data sheet is 8-bit test function with control address bits—RA10, CA10 and CAO being 
don’t care. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during 
test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
match each other, the condition of the output data is high level. When the state of test bits do not match, the condition of 
the output data is low level. Data output pin is Do, and data input pin is D,,. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

14. In a test mode read cycle, the value of trac, taa, tcac and tnac is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514101A Series 


@ TIMING WAVEFORMS 
¢ Read Cycle 


ee > 
\ CLP, Sf / 
WV iffy YY U1, 
ehh 


tron x 


| SLY, WY, 
WE VU g tealy Gi) 


taa 


Address YZ Row : Column 


trac 


Le 
GF ; Don't care 
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HM514101A Series 





e Early Write Cycle 


<->! | tran 


tasc t 
—} CAH 


Address Y M row Wp Column 


= at 
TT. Yi YY; 


{ t 
DS DH 


Y/ 
| See 


High-2** 


4 : Don’t care 


** twics 22 twos (rnin) 
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HM514101A Series 
¢ Delayed Write Cycle 






irc re 
<——— $$ 
tras 
<———— 
ae tcsH . 
<< 
RAS 
trcp test 
C - 5 
tcas 
tt —> “4 
CAS 
tasc 
+—> 
taser tray 
+>| <> - tcaH 
Address UY} Row ) Up Column 


tres “ 
Mm > 


torr 






Dout Invalid Dout eae 






o STAC 


“GZj Oot care 


0148-5 
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HM514101A Series 
e Read-Modify-Write Cycle 
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HM514101A Series 
e RAS Only Refresh Cycle 


trec tcrP 


<> +> 


ZZ ow 


tRAH 
+> 


tASR 


High-Z 


* G : Don’t care 


** Refresh address : AO — A9 (AX0 - AX9) 
*** WE: Don’t care 





¢ CAS Before RAS Refresh Cycle 


tcsr | | tcHrR trec, ,tcsr tcur 
<—Py| <> | tcpn | P| it >| |< 

> 

| 


-_~ 


_/i, 


+> |lorr 


Dout Y/ 


: Don’t care 
Vin 





© HITACHI 
352 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





trac 


tras 
(Read) 


tcaH 
trai 


— tasc 





Address 


wow 0) 
Bim 
; 
Uf 


trac 


ed 


WE 


taa 


Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 ¢ (415) 589-8300 


test 
tase ! 
trap t 
<+<——_ > RAL 


(Refresh) 


tras 
(Refresh) 


HM514101A Series 


— tcac 


Valid Data 


€ HITACHI 





tro 
— > 


eng a eee 


\QYyoy, 


’ 
4, ca 


353 





HM514101A Series 
¢ Nibble Mode Read Cycle 


aN 


Y— ae tes te tursn 


taco {cas tncp ‘ twice tnca 
Ph > 


as ae 
toau 
ts »C it | 


Gg 4 YYyy Uy UY PIM IL III GWT. 
Aduress Ui how | Column WY; Yj Wi PWiuyyyyiGGE if Gy 


A 1é 





~~ tacs 





N\ 
N 
S 
A 
SS 


~S 
WS 
&X 
AY 
NAAN 


Core 
bad 


T eeennenememn’ 


A pout acres 


Aca 
: '? | Dun't care 





¢ Nibble Mode Early Write Cycle 


f 


em prenyaimraniey errremanamenae! 


tuk 
ec UBS 


tyca tcre 
mamas oom Pip ammmen 
| a 


YY Yo . i Md yg iy i, 4 2 
Addre:s UY ‘ YY OE VEEL EEE LIL 
SOUS YE LLL 


0 
“ 
see 


tween 


twos 


! twes > 
mh VY) J YY YY 


Oe, 


> 
tos —> tos —> 


SYED. GED N LUT 
Uy ; Wie Ye op * Goi tHE 


High Z** 


BZo\ . Don't care 


eel 


* twos at NGS (min) 
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¢ Nibble Mode Delayed Write Cycle 


Address 


“h 


. ZED 


tou 
<> 


HM514101A Series 


trwi. 


YY yy MI 


“PER } 


tucwe 


trcs 
Ee: oe ey es 


| Se Sg 


tor 
<-> 


tos—>}|+— 


i a! bin Wy on WY 


invalid 
Dout 


€ HITACHI 


Invalid 
Dout 


: Ga : Don't care 


0148-12 
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HM514101A Series 
e Nibble Mode Read-Modify-Write Cycle 


turwc tnraw 


psa pat 


————p 
ta R| jt t tucwL 
S RAD 5 i> 
| UR 
—> 


os ome FT. 


tNcwb 


sl f 


i 


tos {->}]}<+— 


oo | 


f, 
: ZG : Don’t care 


0148-13 
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«WH 


Zz EEE 
er 





HM514101A Series 


¢ Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 


a 


SS aN 
Ri 


Sy 


“4 
4 
F 


k 


torr 


Dout Y High-Z 


* Refresh address AO ~ AI (AX0 ~ AX9) 
y : Don’t care 
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HM514101A Series 
¢ CAS Before RAS Refresh Counter Check Cycle (Read) 





t twH t 
: 


tan 
+> 


* : Don’t care 


0148-18 
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* lil was _= a 


x GF > Don’t care 
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HM514400 Series 


1,048,576-Word x 4-Bit Dynamic Random Access Memory 


M@ DESCRIPTION 


The Hitachi HM514400 is a CMOS dynamic RAM organized 1,048,576 word x 
4-bit. HM514400 has realized higher density, higher performance and various func- 
tions by employing 0.8 4m CMOS process technology and some new CMOS circuit 
design technologies. The HM514400 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514400 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


m@ FEATURES 


e Single 5V (+10%) 
e High Speed 
ACCESS TING ein gt etek se cack ets set eeeeces 80 ns/100 ns/120 ns (max) 
¢ Low Power Dissipation 
Active Mode .......... 0... cece cee eee eee 495 mW/440 mW/385 mW (max) 
Standby’ MOOG tase dea eccrare Mace a, ae NE Gahee Aaa ees 11 mW (max) 
e Fast Page Mode Capability 
®: 1,024 Retresh CYCIES 946 arses agra buiew ea isaee Soe nna wees (16 ms) 
¢ 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
¢ Test Function 


M@ ORDERING INFORMATION 


Access 
















Part No. Package 









HM514400JP-8 350 mil 20-pin 
HM514400JP-10 Plastic SOJ 
HM514400JP-12 (CP-20DA) 






HM514400ZP-8 
HM514400ZP-10 
HM514400ZP-12 






400 mil 20-pin 
Plastic ZIP 
(ZP-20) 






M@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ag Address Input 
Aop-Ag Refresh Address Input 
1/0,;-1/04 Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
OE Output Enable 
Vcc Power ( + 5V) 
Vss Ground 


@ HITACHI 








HM514400JP Series 


3DCP20DA 


(CP-20DA) 


3DZP20 


@ PIN OUT 
HMS514400JP Series 


Hitachi Pin No. 





(Bottom View) 
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HM514400 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vss V 
Supply Voltage Relative to Vsg Vcc Vv 
Short Circuit Output Current mA 
Power Dissipation W 
Operating Temperature °C 
Storage Temperature 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


a 8 
u oltage 
(ties) [vu | -20 [| — | os [v1 


Note: 1. All voltage referenced to Vss. 
e DC Electrical Characteristics (T,) = 0 to +70°C, Voc = 5V +10%, Vsg = OV) 


HM514400-8 HM514400-10 HM514400-12 


‘= 


= [F/B] 8B = B 5 


Parameter Symbol nit Note 
sik RAS, CAS Cycling 1,2 
tro = Min 


<= 


| 
= = 


Operating Current Icc1 


TTL Interface 


" ei 


fan) ~ ~ ~] ~I 


B 
> 


RAS, CAS = Viy 
Dout = High-Z 
CMOS Interface RAS, 
CAS = Vcc — 0.2V 





Standby Current Icc2 







RAS Only Refresh Current | Icc3 









t | < 
> —_ =" 
Oo =] 
<i 
sie : ; - " 


Standby Current Iocs CAS = Viz, 1 
Dout = Enable 

or Before RAS Refresh sce Es tro = Min 

urrent 

Fast Page Mode Current | so | — | tpc = Min 1,3 

Input Leakage Current 0 OV < Vin S$ 7V 

Output Leakage Current ILo — 10 — 10 ee Lae 

Output Low Voltage VoL Pe Oa Os : 


Notes: 1. Icc depends on output load condition when the device is selected, I¢c max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj. 
3. Address can be changed once or less while CAS = Vjqy. 





¢ Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address) a a 
Input Capacitance (Clocks) Cro a ie 
Output Capacitance (Data-in, Data-out) cc? ee ee 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyqx to disable Doy:. 


i 
i 
r 


ooo 


pe 
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HM514400 Series 
e AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vgg = OV)1. 14, 15, 16 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


FIMSi«400 13 
Le 


Parameter Symbol Unit Note 


re) 


< 


Random Read or Write Cycle Time 





| Min _| | Min | at 
Row Address Hold Time man | 12 | — | is | — | i | ~ [os | 
RAS to Column Address Delay Time tRAD | iz {40 | 2 | 55 | 2 | 65 | ns | 9 
Transition Time (Rise and Fall) ftp =| 3 | 50 | 3 | 50 | 3 | 50 | os | z| 

Read Cycle 

Access Time from Address aa ese ees eee ee Ss 3, 5, 13, 16 
Read Command Hold Time to CAS tRCH LO Ne ee lt Oe Wy lee le Or seed onal 
Column Address to RAS Lead Time tRAL 40 Sse Re eS Se ee 
Output Buffer Turn-off Time tOFF1 | 2 | o | 2 | o | 30 | ns | 6 
Output Buffer Turn-off 10 OF ae 3. [0 | 2 10 | 3% | m= |. 6 


Write Cycle 


Parameter Unit Note 


yen [Min [Max _| [Max | Min | Max | 
Write Command Pulse Width | twe | i | — | 2 | — | 3 | — | 
es 

7 

= 

ee 


10 


Write Command to RAS ead Time | tewn | 251 — 125 | 130 
Write Command to CAS Lead Time | tower | 25 | — | 23 | — | 30 | 


— 
— 


— 
— 
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HM514400 Series 
Read-Modify-Write Cycle 


Note 


Read-Modify-Write Cycle Time trwe | 210 | — | 25 | — | 25 | — | 
Column Address to WE Delay Time tawD Ip Oe all eee cif SO = eee ie OS ee 


Refresh Cycle 


Set Ema! 
o}]o 


— 
— 
Oo 
— 
i) 


Fast Page Mode Cycie 
HMS514400-8 HMS514400-10 HM514400-12 


Parameter Symbol Unit Note 
Fast Page Mode Cycle Time 


tpc 
Fast Page Mode CAS Precharge Time tcp 
Fast Page Mode RAS Pulse Width tRASC 


a 
Access Time from CAS Precharge tacp Le 


" ; pitts) HM514400-8 HMS514400-10 HM514400-12 7 oa 

arameter modo nl ote 
ymbel | Mtin [Max [in [Max [Min [Max 

CAS Setup Time t 

(CAS Before RAS Refresh Cycle) CSR 

CAS Hold Time 

(CAS Before RAS Refresh Cycle) pom | o | - |» | - |e | - |e 


ae a 
a es ae 
| 00000 | — | 100000 _ 
| so | — | o | 
ew es eee 


Test Mode Cycle 


7 oe HM514400-8 HMS514400-10 HM514400-12 ian om 
arameter moo : ni ote 


ae 
ae 
La 


12 
13, 17 
RAS Hold Time from CAS Precharge tRHCP 


Fast Page Mode Read-Modify-Write 
Cycle Time 


3 
72) 


tPpCM 


rai 
es 


J 
o 
a 
< 
2 
a. 
a) 
al 
tI 
wn 
oy 
= 
a>) 
ar 
= 
re) 
‘ 
mM 
5 
TN 


Test Mode WE Hold Time tWH 


Counter Test Cycle 













Parameter 


eer HM514400-8 HM514400-10 HMS14400-12 Gan oe 
modo ni ote 


Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
4, Assumes that tpcp 2 trcp (max) and trap S trap (max). 
5 
6 












CAS Precharge Time in Counter 
Test Cycle 





. Assumes that trop S trcp (max) and trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Vizz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vy,. 


@ HITACHI 
364 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


10. 


11. 
12. 


13. 
14. 


15: 
16. 


17. 


HM514400 Series 


. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 


if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that tp ac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified tp ap (max) limit, then access time is controlled exclusively by ta a. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tpwp 2 tpwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tag or tcac or tacp. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is 1/03 and data input pin is I/O2. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, taa, toac and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

















@ TIMING WAVEFORMS 
e Read Cycle 





am wan Ngee mre 


tacH 


Address 


= i, TRL 


<a. 
omared |e 


tozc tcoo 


CS ied 


LLLLLLLLLL yy LLL LLL 


tozo 


LLL LLL LLL en 
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HM514400 Series 
e Early Write Cycie 


Vy, es QLLLLLLLL 


IEEZEZED oe EEE. 
LLL = LEE 


OE - Don't care 


777 : Don't care 





e Delayed Write Cycle 


Address “77 meaner KMLLLLLLLLLL LL 
LEEDS ez VLLLLLLLLLLL LL 


tozo 


LLLLLLLLL Lp aes eZ MLLLLLLL LL Lh 


ae 


VLLLLLLLL LLL = ae eee 
i : Don't care 
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HM514400 Series 
e Read-Modify-Write Cycle 


_N (te 
he =a _{ 
Address VJp);: Row DRY coum f : SL VL LL Vit fp GLLLLLL 


EES 
S| LL te 
WE aaa >| — MLL 


J 


Din = LLL OK KOI 
is 


Dout 
torr 2 
| | tooo 
Cc KL, SE: iLL La 


QZ. : Don't care 





e RAS Only Refresh Cycle 


aK tia LLL 


tasa tRaH 


Address LL IRLLLLLLLLLLULULUILUUUH”™™ a 


Dout 


* OE, WE : Dont care 


: . Don't care 


** Refresh Address: AO~A9 
(AX0~AX9) 
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HM514400 Series 
e Hidden Refresh Cycle 


Address A Pow BC) Nr CILLA , 
cS 


Din MLLL Pto20 OAC 
OCF LLY MLLLLL 1 
‘ Don't care 





e CAS Before RAS Refresh Cycle 


RAS 


CAS 


Address YYW /LLLLLLL LL LL LLL LLL LL LLL LLL LL 


OPEN 


Dout 


. V1 7) Don care 


WE Vi 
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HM514400 Series 


¢ Fast Page Mode Read Cycle 


- vr 
fet 
Address ee = QGLLLLLLLLL 2 


- =e H L fae Tal 


“| es sae. 
Dout ae bees  Dout | it gical 
oe | ae 


° Don't care 





0064~—11 


e Fast Page Mode Early Write Cycle 


Dm me anf Bi eet QLLLLLLLLL 2 


Address 


ZL. fae | | WIL 


Ns es vie 


High-Z 


° OE ont care 


° W//A Don't care 





0064-12 
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HM514400 Series 
e Fast Page Delayed Cycle 


tras 


=] ce S 
address 7777>x row of ID ben CmD@ LLL 


LL ce efi 
bohm KD KLEE 


— 


LLL 2 * Don't care 


0064-13 


Address 





0064-14 
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HM514400 Series 
e Test Mode Cycle 


*3 Reset Normal 
set cycle Test mode cycle Cycle *1°3 mode 


XL. 


“1 CBR or RAS o only refre 
21/7724 Don'tcare 


*3 Address, Din, OE Don't care 





e Test Mode Set Cycle 


tac 


nn) 


beh seas 
‘a! v, 


CAS a, See 7, 





Address AYLLLLLLLLLLLLLLLL LLL LLL LLL LLL LLL LL 


OPEN 


Dout 


Note *4 LLL Don't care 





e Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 


—— 


RAS 


CAS 


yt 
wi LOOT} REE: 


Address LLLLLLLLLLLLLLLLLLLLLLLLL LLL LLL LLL LLL LLL LLL 


OPEN 
Dout 


Note "1 LLLL Don't care 
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HM514400 Series 
e RAS Only Refresh Cycle 


us ZZ | \,. XL 


Address LLLLLLLLLLA_t KILLLLL LLL LLLL LL LLL LLL LLL 


Dout oo 


Note °1 Refresh Address AO~A9 (AXO~AX9) 
*2 (LLL Don't care 





e CAS Before RAS Refresh Counter Check Cycle (READ) 
tap 
ea 


<i 


torF1 


I orca ae We 
OFF 2 
taon 


eas" SieeeS | oe 
LALLA LLL, BL 
LLLLA . 0001 cave 


ER LL 
fg HE 
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HM514400 Series 


¢ CAS Before RAS Refresh Counter Check Cycle (WRITE) 


ty 


LLLLLLLLL LL hon Za LLLLLLLLLLLL 


LLLLLLL LY KZ Ne OA 


toes | ioe 
D se 


OPEN 


ZA - don cave 


m™@ 4M DRAM LOW POWER VERSION 








0064-20 


The specification on the low power version is the same as the standard 4 megabit DRAM with the exception of the 


following parameters. 


RAS, CAS, WE 2 Voc — 0.2V 





Icc2 Other Pin = Voc — 0.2Vor s 0.2V 
(Standby CMOS Interface) (Address and Dip is Stable) eOO pe eax 
Dout: High-Z 
trc = 125 ps, tras S 1 ps 
Icci0 Viti 2 Voc — 0.2V, Viz = 0.2V 300 wA max 
(Standby with CBR Refresh) WE and OE = Vyqy, Address and D,, is Stable 





Dout: High-Z 


Refresh 128 ms 
tREF 
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HM514400L Series tow Power Version 


1,048,576-Word x 4-Bit Dynamic Random Access Memory 


M@ DESCRIPTION 


The Hitachi HM514400 is a CMOS dynamic RAM organized 1,048,576 word x 
4-bit. HM514400 has realized higher density, higher performance and various func- 
tions by employing 0.8 4m CMOS process technology and some new CMOS circuit 
design technologies. The HM514400 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514400 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+10%) 
e High Speed 
ACCESS: TING sissies ceed oe ewan ockera ee 80 ns/100 ns/120 ns (max) 
¢ Low Power Dissipation 
Active Mode ............. ccc cece cece nee 495 mW/440 mW/385 mW (max) 
Standby Mode......... ccc ccc cece cece eee e eee e neva eees ...11 mW (max) 
e Fast Page Mode Capability | 
© 1,024 ROWESICVCIES v.55 x5 seeds seers ane WAH Re eae eds AG ONES (128 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e Test Function 
e Battery Back Up Operation 


@ ORDERING INFORMATION 












Package 










HM514400LJP-8 80 ns 350 mil 20-pin 
HM514400LJP-10 100 ns Plastic SOJ 
HM514400LJP-12 120 ns (CP-20DA) 



















HM514400LZP-8 80 ns 400 mil 20-pin 
HM514400LZP-10 100 ns Plastic ZIP 
HM514400LZP-12 120 ns (ZP-20) 





@ PIN DESCRIPTION 


Pin Name Function 
Ag—Ag Address Input 
Ag-Ag Refresh Address Input 
1/0,;-I/O4 Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
OE Output Enable 
Vcc Power (+ 5V) 
Vss Ground 
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HM514400LJP Series 


(CP-20DA) 


@ PIN OUT 
HM514400LJP Series 
Hitachi Pin No. 


(Bottom View) 


374 Hitachi America, Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


3DCP20DA 


3DZP20 








HM514400L Series 
™@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vss Vv 
Supply Voltage Relative to Vsg Vcc V 
Short Circuit Output Current mA 
Power Dissipation Ww 
Operating Temperature 2C 
Storage Temperature as © 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


| 
Input High Voitage ; = he 


Supply Voltage 


cer 
olri” 


| 
tw 
i) 


(1/0 Pin) 
(Others) 
Note: 1. All voltage referenced to Vss. 


Input Low Voltage 





¢ DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vgg = OV) 


HM514400-8 HM514400-10 HM514400-12 


Parameter Symbol Unit Note 
RAS, CAS Cycling 12 
trc = Min ; 


TTL Interface 
RAS, CAS = Vy, 
Dout = High-Z 


CMOS Interface RAS, 
CAS and WE 2 

Vcc — 0.2V or s 0.2V, 
Address and Dip: 

Stable, Doyt = High-Z 


Operating Current Icc1 


Standby Current Icc2 


i) 


c Ole = 3 3 


RAS Only Refresh Current | Icc3 


RAS = Vip, 
CAS = VIL, 


Standby Current Iccs 


Dout = Enable 





CAS Before RAS Refresh I 
Current CC6 
Fast Page Mode Current hors A 
tro = 125 ps, 
tras S 1 ps 
Battery Back Up Vcc — 0.2V s 
Operating Current Vint = 6.5V, 
(Standby with CBR Iecto os ss 00] HAY ov s Vy << 02V, 
Refresh) WE and OE = Vyp, 
Address and Dj,: Stable, 
Dout = High-Z 


Input Leakage Current IL — 10 — 10 — 10 


Output Leakage Current ILo — 10 


OV < Vin <7V 


OV < Vout <= 7V 
Dout = Disable 


High Ionut = —S5mA 
Low Ionut = 4.2 mA 
Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 


2. Address can be changed once or less while RAS = Vjy,. 
3. Address can be changed once or less while CAS = Vyq. 


Output High Voltage Vo 
Output Low Voltage VoL 


Vcc 


Slat} = [= Ss ai nal ose im] i=8 » |ruls 
RIQ 1 oO Jo o| 3 ° o ls 


‘ 
br 
ele 
o|x< 
10 
E 
~ 
<i 
Q 
Q 
i) 
E 
=| 
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HM514400L Series 
e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address) Ci 


Output Capacitance (Data-in, Data-out) ze ee ae 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyq to disable Doyt- 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)1, 14, 15, 16 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Random Read or Write Cycle Time trc 50. | ee Ge | | a ee ae 
Transition Time (Rise and Fall) tp | 8 BO | Be 50 Be 5 ns Pg 
Refresh Period | tree | — | 128 | — | 128 | — | 128 | ms | 


Read Cycle 


Parameter Symbol 


HMS514400-8 HMS514400-10 HMS514400-12 nae 7 
nl ote 


Access Time from RAS tRAC | 80 | 100 120 2,3, 17 
Access Time from CAS tcac 3,4, 13, 17 


3, 5, 13, 16, 17 
Access Time from OE toac 


[emt it 
[trac | = | 
ae 

Access Time from Address hie + fe eet al AO. | 
pone: 3c a 

Read Command Setup Time | tres | 0 
| tren | 0 
| tern _| 
| RAL | 
| torr | 
| torr _| 
| tepp 


Read Command Hold Time to CAS tRCH 


Read Command Hold Time to RAS tRRH LAO ie 3 
Column Address to RAS Lead Time tRAL [Oe Nees al AS ili eee Bee 
Ee 0: | 


Output Buffer Turn-off to OE toFF2 


18 


| ms 

pms 

pms 

pms 

Sake ees 
ae ee Se ee ee 

eee ee 

ee ee 

pms 

pms 

pms 
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Write Cycle 


Parameter 


Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Setup Time 

Data-in Hold Time 


Read-Modify-Write Cycle 


Parameter 


Read-Modify-Write Cycle Time 
RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 
OE Hold Time from WE 


Refresh Cycle 


Parameter 


CAS Setup Time 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
(CAS Before RAS Refresh Cycle) 


RAS Precharge to CAS Hold Time 
Fast Page Mode Cycle 


Parameter 


Fast Page Mode Cycle Time 


Fast Page Mode CAS Precharge Time 


Fast Page Mode RAS Pulse Width 


Access Time from CAS Precharge 


RAS Hold Time from CAS Precharge 


Fast Page Mode Read-Modify-Write 
Cycle Time 


Test Mode Cycle 


Parameter 






Test Mode WE Setup Time 
Test Mode WE Hold Time 


Counter Test Cycle 






Parameter 









CAS Precharge Time in 
Counter Test Cycle 





Symbol 


HM514400L Series 


HM514400-12 


HMS514400-8 HMS514400-10 
Min [Max 


Symbol Unit 


twcs 
twCH 
tw 
tRWL 
tCWL 
tps 

tpH 


15 
15 
25 
2 


Loe 
fesae el 
Ewen 
eee 
Le 
pee 


as] 


| Min | Max | Min | Max 
0 Sei) ee ee 
2 ae a eee 
ees eae 
a a a a 
ee ee ee ee 
ae eee ee ee 
ee ae ee 


15 


Tain [Max [Min [Max [Min [Max 
: ee eed 
i fe ees 
weed 


Symbol Unit 


tRWC 
tRWD 
tcwD 
tawD 
tOEH 


285 
Zz ic 
peal 98 
ries 


HM514400-12 


HM514400-8 HM514400-10 


| Min | 
Def 

P= f= [= 
a ae 


re HM514400-8 HM514400-10 HM514400-12 
modo 


Symbol Unit 


tcsR 


tCHR 


tRPC 


Unit 


tec 

ee 0 to 
trasc_| — | 100000 | — | 100000 

tace | — | 50 | — | 0 | 


tRHCP 


tpCM 


iL 
i 
PERE ELE 


HM514400-8 HM514400-10 HMS514400-12 


[in [ax [Min [Max [Min [Max | 
p- [| -f; ee} - 
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Unit 
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Note 


10 


11 
il 


Note 


10 
10 
10 


Note 


Note 


— 
i) 


13, 17 













Note 
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HM514400L Series 


Notes: 


378 


1. 
. Assumes that tpcp S trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 


N 


na & W 


10. 


11. 
12. 


13. 
14. 


15. 
16. 


17. 


AC measurements assume ty = 5 ns. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that tpcp 2 trcp (max) and trap S tRAp (max). 

. Assumes that trop < trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vo (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyy and Vjqz. 


. Operation with the trop (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 


if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that tp ac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; if tpwp 2 trwp (min), tcwp 2 tcwp (min), and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tag or tcac or tacp. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is I/O3 and data input pin is I/O>. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, taa, toac and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514400L Series 
@ TIMING WAVEFORMS 


e Read Cycle (1) 


=o; 


Address “7/8 aa KYLD Someiez eS 


tasR 


WELLL alla _— 


wo =. 


on LL. ahaa Te IIL 


Cc uKKKLD a Se LLLLLLLLL 2 
“V// : Don't care 
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HM514400L Series 
® Early Write Cycle (2) 


7h 


taco 


address “//) Pe LLLLLLL LP 


m WL. zal Flex Yttttttlr 
on LLL LILLIE 


Dout 
OE : Dont care 


: W477 : Don't care 
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HM514400L Series 
e Delayed Write Cycle (3) 


eae AGO i a eS) 
ty eit CASE oe 
: ae 


WE = 


Dn K&L, LL Bet KMLLLLLLLLL LLL LL 


OE a LLILLLLLLLLLL 2 


*V/4//A : Don't care 
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HM514400L Series 
e Read-Modify-Write Cycle (4) 


LLLLLLLLDLLLLL LL 
et 
— 
eee ae | twe 


MLLLLLLLLL LLL 


hy 
: ALLL : Don't care 





¢ RAS Only Refresh Cycle (5) 


tcrp 
v, 
ASR tRaH 


pares ZZ ROLL LLL LLL LLL 


Dout 


of. OE, WE :Don'tcare 


"Vj : Dont care 


** REFRESH ADDRESS: A0-A9 
(AXO-AX9) 
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HM514400L Series 
¢ Hidden Refresh Cycle (6) 


VLLLLLLLL LL fb Ke 
a trcH 


Wt 


torF 1 


OE WLS WLLLLL 
1 WLLL : Don't care 


address —— ZLIEEL. MLLLLLLLLLLLLLL LL 2 


Dout OPEN 


ALLL : Don’t care 


* WE > Vin 





0065-10 
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HM514400L Series 
¢ Fast Page Mode Read Cycle (8) 


=| 
ey tRAD 


ie ote ae ea 


ig aa 


= ais Bae : 
Din = a 


WhUs ae [| 
top = torr2 
a 


"V7 : Don't care 


0065-11 
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HM514400L Series 
¢ Fast Page Mode Early Write Cycle (9) 


* 


Address { Row Sp KON oa OK oa alh= yee 


tweH 


ws ZZ ee: Vz 


tou 


Hi-Z 





= OE : Don't care 


. 47} : Don't care 





e Fast Page Delayed Write Cycle (10) 


ID ele 


YG) | 
ane 
Gy fin KX tin KX) On IRL : 


Hi-Z 


KLLLLLL 1 


ALLL : Don't care 
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HM514400L Series 
e Fast Page Mode Read-Modify-Write Cycle (11) 


Address OA 7 VGLLLLLLLL LD Le 


VLLLLLL LL 


topo 


a LLL 2 Don't care 


0065-14 





e Test Mode Cycle 


*3 Reset Normal 
set cycle Test mode cycle Cycle *1°3 mode 


LLL 


*1 CBR or RAS only refresh 
2(2224 :Don'tcare 
*3 Address, Din, OE : Don't care 


0065-15 
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HM514400L Series 


¢ Test Mode Set Cycle (1) 


mS —— a 
aCe tcrp 
CAS 


ry Po 
wt DLE sol VEE 


Address 
OPEN 
Note *1 (LLL +Don'tcare 


Dout 





© Test Mode Reset Cycle (2) 


ES == 


WE ip I erin 
asdress LLLLLLLLLILLLLLLLLLLLLLLLLLLLLLLLLL LLL LLL LL 2 


OPEN 
Dout 





Note *1 LLLL : Don't care 
0065-17 
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HM514400L Series 
¢ RAS Only Refresh Cycle 


RAS 


CP 


tapc 


CAS LLL | | RLLLLILLLL 2 


address LLLLLLLLLL, Ps KALLLLLLLLLLLLLLL LLL LLL LL 


OPEN 
Dout 


Note *1 Refresh Address AO~A9 (AXO~AX9) 
OLD, : Don't care 





e CAS Before RAS Refresh Counter Check Cycle, (READ) 


a 
Ai ALLL GS = ae aa 


trcH 


__. LL [et LIL 


Din 


toe 





“4 AL LL2 : Don't care 
0065-19 
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HM514400L Series 


¢ CAS Before RAS Refresh Counter Check Cycle, (WRITE) 





trp 
RAS 


. —— 


eRe 


\ WEEE. ZLILILDE sam DDI: 
= WED za 7" WILL 






toss[" 
m Dt om 





OPEN 





“1 LLL LL : Don't care 
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HM514410 Series 


1,048,576-Word x 4-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514410 is a CMOS dynamic RAM organized 1,048,576 word x 
4-bit. HM514410 has realized higher density, higher performance and various func- 
tions by employing 0.8 4m CMOS process technology and some new CMOS circuit 
design technologies. The HM514410 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514410 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


m@ FEATURES 


e Single 5V (+10%) 
e High Speed 
ACCOSS TIMGs iors ote iodo rehearse aeran 80 ns/100 ns/120 ns (max) 
e Low Power Dissipation 
AGUVO: MOC son c onde 8 Sees d eegeaawes 495 mW/440 mW/385 mW (max) 
Standby Mode. 4 6ii.03.06. Uiatl sie ebuaawn ain dud eee ka dteeuvatee 11 mW (max) 
e Fast Page Mode Capability 
©: 1,024 Retresl CyCles ie i036 6s ena ad HEARERS Teh De ew deh Re eS (16 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e Test Function 
e Write per Bit Capability 


M@ ORDERING INFORMATION 


Access Time 













Package 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 
400 mil 20-pin 
Plastic ZIP 

(ZP-20) 


HMS514410JP-8 
HM514410JP-10 
HMS514410JP-12 


HM514410ZP-8 
HM514410ZP-10 
HMS514410ZP-12 











m@ PIN DESCRIPTION 


Pin Name Function 
Ag—Ag Address Input 
Ag-Ag Refresh Address Input 
W1/10;-W4/104 Write Select/Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WB/WE Write per Bit/Write Enable 
OE Output Enable 
Vcc Power (+ 5V) 
Vss Ground 


€ HITACHI 


Preliminary 


HMS514410JP Series 


3DCP20DA 


(CP-20DA) 


38DZP20 


(ZP-20) 





@ PIN OUT 
HM514410JP Series 


Hitachi Pin No. 
JEDEC Pin No. | 
1 We 
2 2511119 warlo4 
3 24/1] 18 wa/03 
4 
5 


§ Vss 
7 We2io2 





(Bottom View) 
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HM514410 Series 
m ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol 


Cc 
S 
wd 


Value 
—10to +7.0 
—10to + 7.0 


< 


Voltage on Any Pin Relative to Vss VT 


< 


Supply Voltage Relative to Vgg 
Short Circuit Output Current Jout 
1.0 
Oto +70 
— 55to + 125 


= 


Power Dissipation 


ry 
a 


Q 
Qa 
B 
> 


° 


° 
QD 


Operating Temperature 


= 
1O 
3 


Storage Temperature 


=) 
a 


f°) 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


a ee a ae ee ee 
Supply Voltage 
OP) ee oe 
Input Low Voltage 
(thes) [os fv 


Note: 1. All voltage referenced to Vgs. 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Vcc = 5V +10%, Vssg = OV) 


HMS514410-8 HMS514410-10 HMS514410-12 
Unit Test Conditions Note 


ao 
ec [SF I/Bl 8B 3 B B =] B 


Parameter Symbol 


Standby Current Icocs 





Operating Current pices | — Caer) a a aagiys oe 12 
TTL Interface 
2 RAS, CAS = Vyq, 
ee 1c CMOS Interface RAS 
RAS Only Refresh Current l los | — | | — | 70 | A 2 


wm] | | 
— — 
Oo |O 


ae Before RAS Refresh ice 

urrent 

Fast Page Mode Current 1,3 
Input Leakage Current Ip — 10 0 
Output Leakage Current Ito — 10 0 — 10 or MN 


Notes: 1. I¢cc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vjz. 
3. Address can be changed once or less while CAS ViE- 


e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Input Capacitance (Address) 
Input Capacitance (Clocks) 
Output Capacitance (Data-in, Data-out) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


ll fl 


; 
no) 
ls | 
— 
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HM514410 Series 
® AC Characteristics (Ta = 0 to 70°C, Voc = 5V +10%, Vgg = OV), 14, 15, 16 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Parameter 


Random Read or Write Cycle Time 
RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

Row Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 
Column Address Hold Time 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 
RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 

OE to D;, Delay Time 

OE Delay Time from Di, 

CAS Setup Time from Dj, 
Transition Time (Rise and Fall) 
Refresh Period 


Read Cycle 


Parameter 


Access Time from RAS 

Access Time from CAS 

Access Time from Address 

Access Time from OE 

Read Command Setup Time 

Read Command Hold Time to CAS 
Read Command Hold Time to RAS 
Column Address to RAS Lead Time 
Output Buffer Turn-off Time 
Output Buffer Turn-off Time to OE 
CAS to Djn Delay Time 


Write Cycle 


Parameter 


Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Setup Time 

Data-in Hold Time 


392 


HMS14410-12 oh 
| Min | Max | Min | Max | Min | Max 
(tee | @ | — | m | ~ | 9 | ~ | os | 
| tras | 80 | 10000 | 100 | 10000 | 120 | 10000 | ns _ 
ooo | os | 
[tse | o | — | o | ~ | o | ~ [ » | 
a es 
a ae ae ee ee ee 
ee oe em oe es 
| trp | 2 | 55 | 25 | 7 | 2 | 9% | m | 8 
ptrap | 17 | 4 | 2» {| 55 | 2» | 6 | ns | 3 
ae a 
a ee a a 
en Os Cm ea 
om ee Soe 
ee ee ee ee ee 
ee ee oe ee ee 
SO 
Fee ee ee ee ee ee 
= HM514410-10 aa 
| Min | | Max | Min | i | Max 
CC i 253,17 
2 Cae eee ee 3,4, 13,17 
| 3, 5, 13, 16, 17 
au eT 
— 


tRCH 
tRRH 


to 


z BIS |e 
tC R’|DA 


oS 
dN 
So 


Gs 


Zz 
4 
2 
55 
tOFF1 2 
(OFF2 


tcDD 


0 | ns | 
0 | ws 
5 | ns 
0 | ws 
eae | 
Lee 
pms 
| ms 
0 | ns 
0 | ns 

pms 


5 
. 
5 
5 
25 


nN 
=) 


— 
=) 
s 
=) 


ta 
ee 
as 


2 


© 


30 


HMS514410-8 
i Max 


HM514410-10 HM514410-12 


Symbol ; 
Min Max M 
2 
Z 


Unit 


twcs 
twCcH 
twp 

tRWL 


tN — — 
=} 
NTN 


2 


N 
mw 


ms 
eo 
ie] 
aw 
a 

oe 
eos 


tCWL 
tps | es 
‘DH 2 | 25 
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Note 


10 


ae oy 


HM514410 Series 
Read-Modify-Write Cycle 


Bs HM514410-8 HM514410-10 HM514410-12 ot < 
arameter ymbdo Min _| nl ote 


= 
i) 
ms 


ak 
oO 


Min Max Min 
Read-Modify-Write Cycle Time 210 


| Max 
as 

RAS to WE Delay Time | trewo | no | = | 135 
= 
eed 
ee 


10 
10 


CAS to WE Delay Time 
OE Hold Time from WE 


Refresh Cycle 


Parameter 


Panes HMS514410-8 HM514410-10 HM514410-12 init Roe 
mbdo ni ote 
yao! anin [Max [Min [max _[ in [Man] 


CAS Setup Time t 10 

(CAS Before RAS Refresh Cycle) CSR 

CAS Hold Time 

Gasnanekisreiencny | om | * | ~ | » | - | | — 
CAS Precharge Tine (Normal Mods) [teem | 0 | — | 0 | — [5 | — | 


Fast Page Mode Cycle 


Fast Page Mode CAS Precharge Time tgp |p tO te | bere 
Fast Page Mode RAS Pulse Width | trasc | — | 100000 | — | 
Access Time from CAS Precharge Y taepe ee SO. Pere 80 
RAS Hold Time from CAS Precharge 50% 


| 60 
Pe a ee 
senor Looe || — | m| || 
CAS PrechargetoWEDelayTime | tcpw | 8 | — | 8 | — | 10 | — 


12 
13,17 


i 
i 


Test Mode Cycle 












Parameter 


Test Mode WE Setup Time 
Test Mode WE Hold Time 






Counter Test Cycle 











HMS514410-8 HMS514410-10 HMS514410-12 
Min Max Min Max Max 





Parameter Symbol i 
CAS Precharge Time in : 40 Min | Max _| 
Counter Test Cycle CPT 





Write per Bit18, 19 


. : vane HM514410-8 HMS514410-10 HM514410-12 ate ca 
arameter mbo ni ote 
Write per Bit Setup Time | twas | 0 | 


| Min | Max | Min 
eee ae 
Write per Bit Hold Time ee a oe eee eae 
Write per Bit Selection Setup Time | twos | 0 | — | 
ss 


Write per Bit Selection Hold Time 
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HM514410 Series 


Notes: 


394 


1. 
2: 


Nn & W 


10. 


11. 
12. 


13. 
14. 


15. 
16. 


17. 


18. 
19. 


AC measurements assume tr = 5 ns. 
Assumes that trop < trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that trop 2 trcp (max) and trap < trap (max). 

. Assumes that tpcp < trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vig (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyy; and Vyr,. 


. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 


if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

twcs, trwp; tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tewp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of ta, or tcac or tacp. 

An initial pause of 100 js is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle of CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is I/O3 and data input pin is I/O. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, tcac, taa, toac and tacp is delayed for 2 ns to 5 ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
When using the write-per-bit capability, WB/WE must be low as RAS falls. 

The data bits to which the write operation is applied can be specified by keeping W1/10,, W2/10O), W3/103 and W4/104 
high with setup and hold time referenced to the RAS negative transition. 
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HM514410 Series 
@ TIMING WAVEFORMS 


e Read Cycle (1) 
= 


Address un wens LLip = oo cag me raga 





an aa a. “= — ee 


Dout 
W1/l01 
' We rr 


a 


VLLLLLLLL La 
CO LLK<{Y{LULYI“IJUMLJE“_™__ ape 


W4/l04 


LMLILLLLL LL 


MLLLLLLLLLLL LL 
ZA: 
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HM514410 Series 
e Early Write Cycle (2) 


1 een eRematens * A" 

ear 
es a Res 
a 


tasr te 


Address ie cc LLL LL YLLLLLLLL LL 


=e 


_— ert lemme 
win =2 Dt HE IZ ss I IIE. 


W4/104 L pout Hie 


: Don't care 


* OE 
ig V4f/2 : Don't care 
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HM514410 Series 
¢ Delayed Write Cycle (3) 


A 
| 


trcp tRSH 


Address “4 5 . T [e VLLLLLLLLLL LLL 


twp 


a 
Bo] 


Jf 
\ 


WB, WE oo CO MYY{YLLIILLLL LLL 
“ ' pa KP Y> a KMLLLLLLLLL LLL 
W404] | “ek 


: Don't care 
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HM514410 Series 
e Read-Modify-Write Cycle (4) 


alii 


W1/101 -Din Rend LO On K/L 
a Pe Se 


W4/104 Dout 


BE CL 
. ALLL) : Don't care 





¢ RAS Only Refresh Cycle (5) 


tro 
tcrp 
HS A | Ltr RLLLLL 
tasR tRAH 
address S/R ROW KY YY LLL LLL LLL LL 
W410 Dt — 
** OE, WE : Don't care 
W4/104 "CV : Don't care 
** REFRESH ADDRESS: A0O-A9 
(AX0-AX9) 
@ HITACHI 
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HM514410 Series 
¢ Hidden Refresh Cycle (6) 


trac 


tRAS TRAS 


“+t ans 
tas” 7 i. 


+: 
Row BOY G 
mf 
Zn 
tha, 


Address 


WB/ WE LLL LL) 





W1/101 -Dout tozc 
wa4io4l _. eee 
Din JLLL tozo toac |_t000, 


A 
OE VLLLLLL LO Hi-Z PVLLLLL 2 
"1 : Don't care 


0067-9 





e CAS Before RAS Refresh Cycle (7) 


trc trac 


tre tRAS tRAS 
—_ tap —_ [te 
CHR trpc 
tcsr | 
ee 


CAS 


ROSS AVAL LLL LLL LLL LLL LLL LLL LLL 


torr 


Hi-Z 
W1/101 Dout 2 
| Vp * LLL) : Don't care 


tcPN 


W4/104 « WE > Vi 





0067-10 
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HM514410 Series 
e Fast Page Mode Read Cycle (8) 


Address 


Wed is 


a 


tozc KZ 
me 


W1/IO1 Din f L777 
Ue ‘ 
| le torr: 
W4/104\ pout mn 4) 
Lo 
MILLI L | LL: 


toac, | 





*V////4 : Don't care 


0067-11 
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HM514410 Series 
e Fast Page Mode Early Write Cycle (9) 


aaa tcrp 


= ae 
a KO oo Col KY, 


twcH 


Gaal Toh Z2a\\| vz 


Address 


wpe HE patel lem 


Hi-Z 





W4/104*Dout 


* OE : Don't care 


: LLL : Don't care 





0067-12 


e Fast Page Delayed Write Cycle (10) 


ty tcsH aa ~~ 


taco tcas 


: waee 
aS a 


fe 
<n 


Address 


i? iets _ -—_ 


7 ae LL, 


w1/o17 Din -. 74 
W404 


Dout 


OE 


ALLL : Don't care 


0067-13 
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HM514410 Series 


e Fast Page Mode Read-Modify-Write Cycle (11) 


Address *// 
t 


e 


WB/WE 


W1/101 
W4/104 


OE 


WB 
t 
Dout Kian CA 


Din 


¢ Test Mode Cycle 


3 
set cycle 


wawe A|\WY 








- 
oO 
uv 


iD} 


toaH 


LLL LLL 


tcwL 


OTT 


Vy 


roy 
BS) 
Fat 


twp 


WZ 


toH 


[mal 
re) 
eT 
a 
§ 





KZ 


: Don't care 


0067-14 





Reset Normal 
Cycle *1°3 mode 


Test mode cycle 


XLLLD 


*1 CBR or RAS only refresh 
*2 LLLL : Dont care 
*3 Address, Din, OE : Don't care 


0067-15 
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HM514410 Series 
© Test Mode Set Cycle (1) 


ae 


acme fay SES 


"TEI 


we we YY, 


Address MLLLILLLLLLLILLLLLLLLLLLLLLLLLLLLLLLLLL Lb 


ss Dout /// S/S ue 


W4/l04 





Note “1 LLLL : Don't care 
0067-16 


¢ Test Mode Reset Cycle (2) 


: a= 
Soe cman Al nae ae 


| tcpN 


WB, WEL" TI LLLLLLLLL 


Address 
W1/101 Dout Ys hhs = 


Note “1 LLLL : Don't care 


W4/104 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 403 


HM514410 Series 
¢ RAS Only Refresh Cycle 





tac 


tcap lee 


as ZL dis ~=~SCO 


address /////////_Fom__ LILLE 


HiZ 
W1/101 Dout : 


Note *1 Refresh Address AO~A9 (AXO~AX9) 
W4/104 2 (LLL : Don't care 


¢ CAS Before RAS Refresh Counter Check Cycle, (READ) 





Sa 


fp : 
ats [= hee 


Hed (ine 


wm ZI ives 

“T : Vf, VN VSM hh a ok 
Dout f= 

WLLL LLL HLL LL Lh 
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OE 


HM514410 Series 


CAS Before RAS Refresh Counter Check Cycle, (WRITE) 


tcsr a 


T | 
oceans 


EE ZL {LO a A 
LLL Zh WILLIE 


MLLLLLLLLLLLLLLL LLLP JRLLLLLLILLL”“”™”_t_ 


Hi-Z 


‘+ KA : Don't care 
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HM514410A Series 


1,048,576-Word x 4-Bit Dynamic Random Access Memory 


™ DESCRIPTION 


The Hitachi HM514410A is a CMOS dynamic RAM organized 1,048,576-word x 
4-bit. HM514400A has realized higher density, higher performance and various func- 
tions by employing 0.8 4m CMOS process technology and some new CMOS circuit 
design technologies. The HM514410A offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514410A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP |, 20-pin plastic TSOP | reverse type, 20-pin 
plastic TSOP II, and 20-pin plastic TSOP II reverse type. 


m@ FEATURES 


e Single 5V (+10%) 
e High Speed 
ACCOSS TING: 4 oihutdsusd ere ten ena setes 60 ns/70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode ...............06. 577.5 mW/550 mW/495 mW/440 mW (max) 
Standby MOGG ai ec ere cde ees Sato pew tee bance eeoeas wes 11 mW (max) 
e Fast Page Mode Capability 
©: 1024. RENESH CYCIOS 6414 Kcce pe reek Aeees CoA SRE ew hs eae be weer Gas (16 ms) 
¢ 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e Test Function 
e Write per Bit Capability 


M@ ORDERING INFORMATION 


Part No. Package 





HMS514410AJ-6 350 mil 20-pin 
HM514410AJ-7 Plastic SOJ 
HMS514410AJ-8 (CP-20DA) 
HMS514410AJ-10 
HM514410AS-6 300 mil 20-pin 
HM514410AS-7 Plastic SOJ 
HMS514410AS-8 (CP-20D) 
HMS514410AS-10 
HMS514410AZ-6 400 mil 20-pin 
HMS514410AZ-7 Plastic ZIP 
HMS514410AZ-8 (ZP-20) 
HM514410AZ-10 
HMS514410AT-6 20-pin 
HMS514410AT-7 Plastic TSOP I 
HM514410AT-8 (TFP-20DA) 
HMS514410AT-10 
HMS514410AR-6 20-pin 
HMS514410AR-7 Plastic TSOP I 
HM514410AR-8 Reverse Type 
HMS514410AR-10 (TFP-20DAR) 
HMS514410ATT-6 20-pin 
HMS14410ATT-7 Plastic TSOP II 
HM514410ATT-8 (TTP-20D) 
HMS514410ATT-10 
HMS514410ARR-6 20-pin 
HMS514410ARR-7 Plastic TSOP II 
HM514410ARR-8 Reverse Type 
HMS514410ARR-10 (TTP-20DR) 
@ HITACHI 


Preliminary 


HM514410AJ Series 


8DCP20DA 


(CP-20DA) 


38DCP20D 


3DZP20 


(ZP-20) 
HMS514410AT Series 


al 


3DTFP20DA 


(TFP-20DA) 
HM514410AR Series 


al 


3DTFP20DAR 


(TFP-20DAR) 
HMS514410ATT Series 


al 


3DTTP20D 


(TTP-20D) 
HMS514410ARR Series 


al 


3DTTP20DR 





(TTP-20DR) 
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HM514410A Series 
@ PIN OUT 


HM514410AJ Series 
HM514410AS Series HMS514410AZ Series 


Hitachi Pin No. JEDEC Pin No. 


20 Vss 

19 | W411048 CAS OE 

18] w3i03 w4/l04 sea 
17 | Cas wt /l01 ‘ss 


-_ es W2/102 
16 | OE WB/WE ee 
RAS 
AQ 


AO 
Al 

A2 
A3 


lis} as , Voc 
1a Al AG 
3] rv a A7 


iz] as 


it Aa (Bottom View) 


(Top View) 


HM514410AT Series HMS514410AR Series 


_OE 

CAS __RAS 
w3/103 E WB/WE 
W4/104 : w2/102 

Vss W1/101 


W1/TI01 Vss 
W2/102 W4/104 
WB /WE w3/T03 
CAS 

OE 





(Top View) 


@ PIN DESCRIPTION 





Wi/I01 1 " wi/t01 Pin Name Function 
W2/102 2¢ W2/102 Ao-Aj0 Address Input 
WE/WB 
RAS Ag-Ag Refresh Address Input 
W1/10;-W4/10,| Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WB/WE Read/Write Enable 
OE Output Enable 
Vcc Power ( + 5V) 
(Top View) (Top View) Vss Ground 
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HM514410A Series_—j—@—@—— 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vss | Vp | = 10to $7.0 | V 
Supply Voltage Relative to Vss | Veo | 1.0to +700 | V 
Short Circuit Output Current a a mA 
i: ae ae ee 
ea 


Power Dissipation 
Operating Temperature Oto +70 eC 
Storage Temperature —55to + 125 26 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Supply Voltage 
Input High Voltage Vin 
Input Low (1/0 Pin) ie : 


Note: 1. All voltage referenced to Vs. 


tt 
WN 


) 
¢ DC Electrical Characteristics (Ty, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


HMS514410A-6 HM514410A-7 HM514410A-8 HMS514410A-10 Uni 
nl 
[Max [Min [Max [Min 


Parameter | Symbol 


Operating RAS, CAS ) Cycling 
a Interface 
BRS CAS ome VID 
Dout = High- J 


Standby Current | Icc2 


— 
— — N 
So 


RAS Only 
Refresh Current 


Standby 
Current 


a 


CAS Before 
RAS Refresh =| Icc6 
Current 


Fast Page 


Mode Current 119 


D» [= 
pe Pre Pe Pref = Pe = 


Notes: 1. Icoc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed <1 time while RAS = Vy,. 
3. Address can be changed <1 time while CAS = Vyqq. 


Input Leakage 
Current 


=i 





Output Leakage 
Current 


Output High 
Voltage 


< | FT | Fl es ol fol +" 
g e) a e) CG re) 
~ ~ WwW 


Output Low 
Voltage 


ee 
Dout = Disable 
: 


<i 
me 
So 
_ 
nd 
_p 
[on) 
_ 
© 
> 
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HM514410A Series 
e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address) et ee eee eee 
Input Capacitance (Clocks) Cr a es ee ee ee oe 1 
Output Capacitance (Data-in, Data-out) a ee a ae 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy to disable Doyt. 





e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)!: 14, 15, 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM514410A-6 HMS514410A-7 HM514410A-8 HM514410A-10 
Min Max Min Min 


Parameter Symbol Unit | Note 


Random Read or 


Write Cycle Time | 'RC 110 130 = 150 =e 180 
i Se 
Time 


RAS Pulse Width tRAS 
CAS Pulse Width tCAS 


BN 

So 
| ee 
3| 
3|8 

WN 


rele 
il 
a 
il 
rele 


nN 
Oo 


Nw 
(=) 
No 
in 


oo 
x 
ac] 





| 10000 | ns _| 
| 10000 | ns _| 
Row Address t 
Setup Time ASR 
Row Address 
Column Address t 
Setup Time ASC 
Column Address 
RAS to CAS 
Delay Time fico | | a | |» |» | w@ | a | as | os | : 
RAS to Column 
Address Delay tRAD 15 30 15 35 15 20 55 9 
Time 
RASHoATie | usa | 5 | — |» | — | » | — | » | —- |» 
CAS to RAS Pre- 
OE to Din 
OE Delay Time t 
from Din DZO 
CAS Setup Time t 
from Dj, DZC 
Transition Time 
(Rise to Fall) fe | 3 | | 3 |» | 3 | » | 3 | 0 | ow : 
Refresh Period | trer | — | 16 | — [| 16 | — | 1 | — | 16 | ms | 
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HM514410A Series 


Read Cycle 
; eae HM514410A-6 HMS514410A-7 HM514410A-8 HMS514410A-10 nee om 
arameter mbo ni ote 
Access Time 2535 
mee fc | — | @ | — | m | - | | - | m |» | 4 
Access Time 3, 4, 
cota ftexe | - | os | - |» | - [| - | |= [8h 
Access Time 3,5; 
Access Time 
er fe [-[*[-1=|-le|-l=l>[» 
Read Command ' 
Setup Time RCS 
Read Command Hold t 0 
Time to CAS RCH 
Read Command Hold t 0 
Time to RAS RRH 
Column Address to 
eaieanee fe |» | - | x | - | @ | - | os | - |» | 
Output Buffer 
Output Buffer 
fanemose [orm | o | | o | » | o | » | o |» [am | 
CAS to Din 
Write Cycle 
: ; Le HMS514410A-6 HMS514410A-7 HM514410A-8 HM514410A-10 Hae | Nes 
arameter mbo ni ote 
Write Command t 10 
Setup Time wes 
Write Command 
Write Command 
Write Command to 
Piiatee (wm | s | - | » | - | » | - | s | - le 
Write Command to 
teicrne® [om | os | - | » | - |» | - | s | - [| 
Read-Modify-Write Cycle 
Beak HMS514410A-6 HMS514410A-7 HMS514410A-8 HMSI4410A10 | | 
arameter ymoo. [Min | : nl ote 
Min [Max 


Read-Modify-Write 
= Towe |e | — | | - | [fe 
RAS to WE 


— 
Ww 
ws 
— 
So 


CAS to WE 
Delay Time 


Column Address to 
WE Delay Time | ‘AW po [> - [fe] - fe 
OE Hold Time 
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— 
So 


je 
ta 


— 
oO 


HM514410A Series 
Refresh Cycle 


e ‘ Cee HMS514410A-6 HMS514410A-7 HMS514410A-8 HMS514410A-10 era ees 
arameter mbo ni ote 
CAS Setup Time 

(CAS Before RAS tcsR 10 10 10 10 

Refresh) Cycle 

CAS Hold Time 

(CAS Before RAS tCHR 10 10 10 10 

Refresh) Cycle 

RAS Precharge to 

CAS Precharge to 


Fast Page Mode Cycle 


Parameter Symbol 


HM514410A-6 HM514410A-7 HM514410A-8 HM514410A-10 Unit Not 
nl ote 


Min | Max [Max | 
ce fe fe[-[«[-[=|-[*]- 
mame fe [e[-[e{-|[|-[*|— 
geen [ose | — [owe | — [om] — [om | — [ome] = | 
a [= [= Te [= fas 
ae 


RAS Hold Time from ‘ 35 
CAS Precharge RHCP 

Fast Page Mode Read- 

Modify-Write Cycle 

CAS Precharge to tcPw 55 65 70 85 

WE Delay Time 

Fast Page Mode 

Read-Modify-Write tpCM 

Cycle Time 


Test Mode Cycle 



















P t Symbol HM514410A-6 HM514410A-7 HM514410A-8 HM514410A-10 
arameter mbo 

| Min [Max [Min [Max [Min [Max [Min [Max | 
Test Mode WE ; 
Setup Time WS 
Test Mode WE 









Counter Test Cycle 


Sa 
Koa od 














Parameter Unit 


HMS514410A-8 HM514410A-10 
Min Max 


[Max [Min [Max [Min [Mas 
ERE 





CAS Precharge 
Time in Counter 
Test Cycle 
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PUES 1.44 TOA Srl ea a eS 
Write Per Bit18, 19 


Write per Bit t 
Setup Time WBS 
Write per Bit 
Write per Bit 

i twps 
Setup Time 
Write per Bit 

i twps 
Hold Time 


Selection 


Selection 


Notes: 


412 


1. 
2. 


Nn f& W 


10. 


11. 
12. 


13. 
14. 


15. 
16. 


17. 


18. 
19. 


20. 


Unit Note 


Sym HMS514410A-6 HMS514410A-7 HMS514410A-8 HMS514410A-10 


AC measurements assume ty = 5 ns. 


Assumes that trop < trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

. Assumes that tpcp 2 trcp (max) and trap S trap (max). 

. Assumes that tpcp S trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vr (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between V}y; and Vy,. 


. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 


if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the tp ap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

twcs, trwp; tcwp, tawp and tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp 
(min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the 
above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trAsc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tag or tcac or tacp. 

An initial pause of 100 js is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 2-bit test function controlled by control address bits—CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. In order to end this test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, taa, tcac, toac and tacp is delayed for 2 ns to 5 ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
When using the write per bit capability, WB/WE must be low as RAS falls. 

The data bits to which the write operation is applied can be specified by keeping W1/10;, W2/I02, W3/1IO3, and W4/IO4 
high with setup and hold time referenced to the RAS negative transition. 

Either troy or trey Shall be satisfied. 
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@ TIMING WAVEFORMS 
Read Cycle 


RAS 






CAS 


Le 






el 


torri 
pa 
trac Cod torr2 
tozc ‘onc tcop 
W4/104 i Y Yj ae WY 
to76 topo 


. : Don’t care 


0149-7 


Wi1/10 1 
Dout 
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© Early Write Cycle 


RAS 
tr 
——p <+—— 


, treo ale teas . 


igs Ti = peti ceres 





~ ae YI. 


ton 
Qe 
Wi/I01 


; te - em 


High-Z 
wa/lo4 


0149-8 
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¢ Delayed Write Cycle 


trc 
——______—__ “oe 
t trp 
tcsH | tcre 
i treo trRsH 
Saas t 
CAS ae | 
towt 
tase 
I ; tCAH 
f) 
Y/ 


EY WY 7 


A Series 








twos 


iT 7 OD. 





Be 
naan OE is low level. 
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HM514410A Series 
¢ Read-Modify-Write Cycle 












ein i 





High-Z 


"YY : Don 
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tre 
ee ee 


RAS S ms 


traH 
—_—_—_——_—> 
tase 
Ro 


DD _ = 


High-Z 








trec t 
S H t P cs 
tepy CPN 
a Baws 
f\ \ 


torFy 





HM514410A Series 
e Hidden Refresh Cycle 





a 
ae 
be 


yp LS 


taa 
+> 
ee 
aaa torr2 rel 
y igh- Wy 
W4/104 me Yj — Uy 


t 
pzo toa 


* : Don’t care 
0149-13 
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HM514410A Series 
¢ Fast Page Mode Read Cycle 


trasc 
¢—_ 
, trHcp trp 


RAS — 
t 


Address 











tcpo tozc 






tcop 
High-Z 


call YY, = ary 7 igh- ' _ te 


tcac 
taa 
trac 
t torri 
OFFI 
Dout | Dout 7 (| Dout ) 
W4/104 
toac 


; torr2 


0149-14 
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HM514410A Series 
e Fast Page Mode Early Write Cycle 


Rateiis 
: 


WENEY DQ. Zn. 
= “ 












SH 
4 
7 CO OS tee ee I »| | | ig CASI Ls 





tr 
tasr 
<> 
Address Z ( 
4 











alae 


D 


High-Z 


Wi/101 twos gl 


Din (re) 
. 








Dout 
W4/104 


0149-15 
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HM514410A Series 
e Fast Page Delayed Cycle 


twes | 


WB/WE y “wv aaa 


Wi/101 


Sa oc co 


High-Z 
Dout 
W4/104 


OE 
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HM514410A Series 
e Fast Page Mode Read-Modify Write Cycle 


trp 
trasc 
RAS 
| tecm 
te tere 
—>4<— Rael 






tow 
<> 


1: “ye 
i 


twe 
A 


<———»> 
nee on 
Dout ) 1 
WA4/l04 
tozo tozo 
3 Y) Yy 


ig , : | WY 
7 Ua 7, j topo Z. i topo Wi 


WW 


* WY : Don't care 


0149-17 
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t 
qc, 


R 
tr ia ot 
<< lwH_y —, | 


tws 
a am 


_ 





woo —_ 
- a 


YY: 0 : Don’t care 


os | — 





HM514410A Series 


101 






w omen” am 
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HM514800 Series 


524,288-Word x 8-Bit Dynamic Random Access Memory 


Mm DESCRIPTION 


The Hitachi HM514800 are CMOS dynamic RAM organized as 524,288-word x 
8-bit. HM514800 have realized higher density, higher performance and various func- 
tions by employing 0.8 wm CMOS process technology and some new CMOS circuit 
design technologies. The HM514800 offer Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514800 to be packaged in standard 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+10%) 
e High Speed 

ACCESS IMO sivas Haneee seers eeaweeatevieds 70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 

ACIVE: MOdG6 "3s eens hee ne eeewee 605 mW/550 mW/495 mW (max) 

Standby MOG 2. cvicb scws base par awuia de ceas boee siNoeeeeees 11 mW (max) 
e Fast Page Mode Capability 
© °1:024 Retresh Cycles ois bein ik oer iess Veena skeen tasew ae tei oes (16 ms) 
e 3 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 


@ ORDERING INFORMATION @ PIN OUT 


Access Time 


70 ns 
80 ns 
100 ns 


70 ns 
80 ns 
100 ns 










Package 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 
400 mil 28-pin 
Plastic ZIP 
(ZP-28) 







HM514800JP-7 
HM514800JP-8 
HM514800JP-10 


HM514800ZP-7 
HM514800ZP-8 
HM514800ZP-10 

















m@ PIN DESCRIPTION 


Pin Name Function 


Ap-Ag Address Input 
—Row Address Ag—Ag 
—Column Address Ag—Ag 
—Refresh Address Ag—Ag 


I/O9-1/07 Data-in/Data-out 

RAS Row Address Strobe (Top View) 
CAS Column Address Strobe 

WE Read/Write Enable 

OE Output Enable 

Vcc Power ( + 5V) 

Vss Ground 


HMS514800JP Series 





Preliminary 


HM514800JP Series 


(ZP-28) 


38DCP28D 


3DZP28 


HM514800ZP Series 


AEE 
VOCE 


Vss 


NC 
RAS 
AO 
A2 
Veco 
A4 
AG 
A8 


0077-2 


(Bottom View) 





Preliminary: This document contains information on a new product. Specifications and information contained herein are subject 


to change without notice. 
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HM514800 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vss V 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Dissipation | Pp TO 
Operating Temperature aC 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter Symbol | Min | Typ Max Note 


ere? ORT” 7 


Notes: 1. All voltage referenced to Vgs. 


; 
Ns 


e DC Electrical Characteristics (Ty, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 













eee HM514800-7__| _HM514800-8 | HM514800-10 | mienee ae o 
arameter ymbo ni est Conditions ote 
ee ee 
TTL Interface 
2 2 2 | mA | RAS,CAS = Vip, 
Dout = High-Z 
Standby Current Icc2 a 
CMOS Interface, RAS, 
1 i 1 | mA | CAS= Voc — 02V, 
RAS = Vqp; 
Standby Current Iccs 5 5 5 mA CAS = Vi, 1 
Dout = Enable 
CAS Before RAS Refresh 
a ees 
Output Leakage Current Ito — 10 — 10 — 10 “i ae 
ou 
Output High Voltage Vou Voc Voc Vcc High Tou, = —5mA 


Notes: 1. Icc depends on output load condition when the device is selected, Icc¢ max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj. 
3. Address can be changed once or less while CAS = Vyq. 
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HM514800 Series 
e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Input Capacitance (Address) 2 ae ee ae ae 
Input Capacitance (Clocks) ee a ee ee ee 
Output Capacitance (Data-in, Data-out) IL. over. a ee 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy, to disable Dou. 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)1, 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM514800-7 HM514800-8 HM514800-10 


Unit Note 


ae] 
Tj 


F 


Ss 
cme 
dN 


cs 


Parameter Symbol Min | [Max | Min | Max | Unit Note 
Random Read or Write Cycle Time trc 150 —— 5 ee 
RAS Precharge Time trp a ae oe eae 
CAS Pulse Width 20 
Row Address Setup Time ea ee ee 
Row Address Hold Time 


pom 
Ww 


Column Address Setup Time 
Column Address Hold Time 





— 
na 
NO 
oO 


SITIS IS |O (1A 1a xe Ie Ie IG [> Ie [> IC [ae 
N 
ERE ERREBEREREERE)E 


70 

ml 
at 
Tis [3 
orn 
rou 
aa 


a 
RAS to CAS Delay Time 50 | 6) =6| 25 | 58 | 8 
RAS to Column Address Delay Time 5 15 | 400 -d| 20 | 55 9 
RAS Hold Time a a a 
CAS to RAS Precharge Time tcrP ae SS eae 
OE to Dj, Delay Time 20 Estee 2 | eed ee 
OE Delay Time from Din Ea, Oe oO ee | 
CAS Setup Time from Dj, ey |) OPP cee il 
Transition Time (Rise and Fall) tr 50 7 
Refresh Period fe) | ee 
Read Cycle 
Parameter Symbol aimee abies Unit Note 
| Max | Max 

Access Time from RAS hor | 80 | ye) 
Access Time from CAS | 20 | 3, 4, 13 
Access Time from Address Peto. dl | 40 3, 5, 13 
Access Time from OE Cc le OL 2 


Read Command Setup Time 
Read Command Hold Time to CAS 
Read Command Hold Time to RAS H 


70 

20 

35 
re 
ea 

15 

15 


| Min 
Leste 

0 | = 
sz 

0 | = | 3 | 
oe 
os 
ieee 

1 

1 


SEE ERE RED f 


Column Address to RAS Lead Time L 35 40 

Output Buffer Turn-off Time 5 ee 20 

Output Buffer Turn-off to OE tOFF2 Pee Os ase gt Oe Oe 
oe ee ee ee 


CAS to Dj, Delay Time 15 
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HM514800 Series 


Fast Page Mode Cycle 


" ; are HM514800-7 HMS14800-8 HM514800-10 Unit Not 
arameter modo ni ote 


Write Cycle 
| Min | Max | Min | Max | Min | Max | 
Read-Modify-Write Cycle 
ae HMS514800-7 HM514800-10 a 
Column Address to WE Delay Time | tawn | o | — | 6 | — | 8 | — | os | 10, 13 
Refresh Cycle 
ene HM514800-8 HMS514800-10 Sa 
| Min | Max | Min | ‘Max | Min | Max 
(CAS Before RAS Refresh Cycle) 
(CAS Before RAS Refresh Cycle) CHR 


< 
5 


Fast Page Mode Cycle Time 
Fast Page Mode CAS Precharge Time tcp 


o> 
is] 
i 
Ww 
wr 


Fast Page Mode RAS Pulse Width tRASC | — | 100000 | 12 
Access Time from CAS Precharge tacp pe i. a ee 5 a a oe 3, 13 


RAS Hold Time from CAS Precharge tRHCP 
Fast Page Mode Read-Modify- 


Write Cycle CAS Precharge tcpw 65 70 
to WE Delay Time 

Fast Page Mode Read-Modify- t 95 

Write Cycle Time PCM 


Counter Test Cycle 



















; cee HMS514800-7 HMS514800-8 HMS514800-10 
arameter mbo 

yet in [Max [Min [Max | Min | Max_| 
CAS Precharge Time in 
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Notes: 


N 


HR” & WD 


10. 


11. 


12. 
13. 
14. 


15. 
16. 


HM514800 Series 


. AC measurements assume tr = S ns. 
. Assumes that tpcp < trcp (max) and trap S trap (max). If trep or trap is greater than the maximum recommended 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

. Assumes that tpcp 2 trcp (max) and trap < trap (max). 

. Assumes that tpcp < trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vy and Vy. 


. Operation with the tpcp (max) limit insures that tp ac (max) can be met, trcp (max) is specified as a reference point only, 


if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified tp Ap (max) limit, then access time is controlled exclusively by ta. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twos 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tag or tcac or tacp. 

An initial pause of 100 ys is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Either trcy or TrrH must be satisfied for a read cycle. 
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4800 Series 
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ce tec torP 
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e Hidden Refresh Cycle 
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HM514800 Series 
¢ Fast Page Mode Read Cycle 


tRasc 


RAS 


CAS 





tasr 


Wf om WY 


tRRH 


Din UY 


trac 


out 


torr2 


toac 


. = Don't Care 


0077-10 
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HM514800 Series 
e Fast Page Mode Early Write Cycle 


tRasc trp 






: | Rep = ‘cas tcp . ‘cas ‘cp as ‘cre 
"Pipe 

7 ‘can 

mF ral pa lt pa Oy 


Z 


H 


High-Z 
Dout 
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HM514800 Series 
e Fast Page Mode Delayed Write Cycle 


trasc 


RAS 

| ! 
CAS 

tas 


OMI 


SH 


tc 
trop 


Sener 
XD 


TF YY: 
olFP 
& 


Md 


tcas 
tos 


ue 
Wo 
U3 Uy 


High-Z 


* Y7/4= Don't Care 
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HM514800 Series 
e Fast Page Mode Read-Modify-Write Cycle 


top top 


cee 7S LL LM, aw Uda 


tawo tawo tawp 
ey Oe S 


LF | ar MY WZ 


ia al 


O°” LLB TA PG Cumun NZI 


mi oo 
( , 


« YY Wlllddda 


be = Don't Care 
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HM514800L Series tow Power Version Preliminary 


524,288-Word x 8-Bit Dynamic Random Access Memory 


@ DESCRIPTION HMS14800LJP Series 

The Hitachi HM514800 are CMOS dynamic RAM organized as 524,288-word x 
8-bit. HM514800 have realized higher density, higher performance and various func- 
tions by employing 0.8 wm CMOS process technology and some new CMOS circuit 
design technologies. The HM514800 offer Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514800 to be packaged in standard : 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. SDCP28D 


@ FEATURES 


e Single 5V (+ 10%) 
e¢ High Speed 
ACCESS. TIME ei tice eiy ah Sees eet pees eG oRGS 70 ns/80 ns/100 ns (max) 
e¢ Low Power Dissipation 
PACING: MOOG # iu tcninte erica aon ha 605 mW/550 mW/495 mW (max) 
Standby MOd6: ¢ 46 neds wu hens tes tate ees ents saeedi Sen 11 mW (max) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycles. .... 0... cece ccc ccc eee renee eee e eee eneees (128 ms) 
e 3 Variations of Refresh 
RAS Only Refresh " 
CAS Before RAS Refresh eS 
Hidden Refresh (ZP-28) 
e Battery Back-up Operation 


@ ORDERING INFORMATION @ PIN OUT 


Part No. HM514800LJP Series HM514800LZP Series 


HM514800LJP-7 
HM514800LJP-8 
HM514800LJP-10 


HM514800LZP-7 
HMS514800LZP-8 
HM514800LZP-10 


















Package 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 
400 mil 28-pin 
Plastic ZIP 
(ZP-28) 









@ PIN DESCRIPTION 


Pin Name Function 


Ao-Ag Address Input 
—Row Address Ag—Ag 
—Column Address Ag—Ag 
—Refresh Address Ag—Ag 


AULT 
VEE 





I/O9-1/07 Data-in/Data-out 

RAS Row Address Strobe . (Bottom View) ee 
CAS Column Address Strobe (Top View) 

WE Read/Write Enable 

OE Output Enable 

Vcc Power ( + 5V) 

Vss Ground 


@ HITACHI 
444 Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HM514800L Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
Voltage on Any Pin Relative to Vsg —1.0to +7.0 Vv 


Supply Voltage Relative to Vsg —1.0to + 7.0 Vv 


Short Circuit Output Current 


< 
Q 
QO 


Power Dissipation 


re 
ae 


= ar fo) 
Rn 

ot =| 
aa oo 


Oto +70 a & 
—55to + 125 ad @ 


Operating Temperature opr 


oOo}; oO 
=] 
> 


Storage Temperature 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter Symbol 


Supply Voltage 
Input High Voltage } 
Input Low (0 Pin) 


Voltage (Others) 
Note: 1. All voltage referenced to Vss. 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V 410%, Vsg = OV) 


HMS514800-7 HM514800-8 HM514800-10 - 
Parameter Symbol Unit Test Conditions Note 
Min Max 
‘ RAS, CAS Cycling 


TTL Interface 
2 2 mA | RAS, CAS = Vyq, 
Dout = High-Z 
eens an tec2 CMOS Interface RAS 
200 200 | pA | CAS 2 Vcc — 0.2V, 
Dout = High-Z 


CAS Before RAS Refresh ae 
ems [— [el — [ele lala 


Battery Back-up sare sede Interface 

mene with Icc10 300 300 300 wA | CBR Refresh: tpc = Us 4 
< = 

CBR Refresh) Bas € ana CAS IL 


= as OV < Vout < 7V, 


Notes: 1. Icc depends on output load condition when the device is selected, Icc¢ max is specified at the output open condition. 


ae oo 


Py bdrm, 
NO] | pl] wm 
Oo }o 


| . 
2 a ae 





= 
a 






P~le 












2. Address can be changed once or less while RAS = Vj. 
3. Address can be changed once or less while CAS = Vyqy. 
4. Vin 2 Voc — 0.2V, Viz < 0.2V. 
© HITACHI 
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HM514800L Series 
¢ Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Parameter Typ Max Note 
Input Capacitance (Address) Ci fs ee! 
Input Capacitance (Clocks) Cr a ee ee ee a: ee 1 
Output Capacitance (Data-in, Data-out) ee ee 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyq to disable Doyt- 





e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V £10%, Vgg = OV)!: 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Random Read or Write CycleTime | tro | 130 | — | 150 | — | 189 | — | os | 
Transition Time (Rise and Fall) eee 2a Se ae aS ae 
Refresh Period / tree | — | 128 | — | 128 | — | 125 | ms | 
Read Cycle 

Min Max Max Max 
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HM514800L Series 


Write Cycle 
Min Max Min Max Min 
Write Command Pulse Width we | to | — | 10 | — | 2 | — | os | 
Write Command to CAS Lead Time tcwL fe 200 sine Sf Os eer ee, eee ai one, 


Read-Modify-Write Cycle 


HMS514800-7 HM514800-8 HMS514800-10 Unit Rei 
nl ote 


Parameter Symbol 


Read-Modify-Write Cycle Time trwc 
RAS to WE Delay Time tRWD 
CAS to WE Delay Time tcwD 
Column Address to WE Delay Time tawp 
OE Hold Time from WE toEH 


180 
5 


\o 


45 


— 
So 


10, 13 
0 


[200 [= | 5 
are a ie 
Sele es 
Ts | — | 0 | 
ee 


E 
— 
oO 





Refresh Cycle 


- : See HM514800-7 HMS514800-8 HMS514800-10 ae ti 

arameter mbo ni ote 
Ma Max 

CAS Setup Time 

(CAS Before RAS Refresh Cycle) pee [| - {of - | | - | os | 

CAS Hold Time 

Grboekisreancay | ox | | — | | - |» | - | = | 


Fast Page Mode Cycle 


RAS Hold Time from CAS Precharge | truce | 40 | 


40 ee ee 
Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge tcpw 65 70 85 
to WE Delay Time 
Fast Page Mode Read-Modify- 


Parameter Symbol 


= 


Counter Test Cycle 













HM514800-7 HM514800-8 HM514800-10 





Parameter Symbol Unit Note 
CAS Precharge Time in 
Counter Test Cycle per | » | - | » | - | » | - | iw 


© HITACHI 
Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 447 


HM514800L Series 


Notes: 


448 


1. 


AC measurements assume ty = 5 ns. 


2. Assumes that tpcp < trcp (max) and trap < trap (max). If trcp or trap is greater than the maximum recommended 


Nn f& W 


10. 


11. 


12. 
13. 
14. 


15. 
16. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

. Assumes that tpcp 2 trcp (max) and trap S trap (max). 

. Assumes that tpcp < trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between V}y; and Vq,. 


. Operation with the tpcp (max) limit insures that tp ~c (max) can be met, trop (max) is specified as a reference point only, 


if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of ta, or tcac or tacp. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Either trcy or TrrH must be satisfied for a read cycle. 
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* AL = Don't Care 
a6 OE = Don't Care 
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HM514800L Series 
¢ Hidden Refresh Cycle 


tre tre 


tras tras 
(Refresh) (Refresh) 


Address 


‘ zi $——" 0 


— 
- 


WH) 


trac 


*(//A = Don't Care 


0076-9 





€ HITACHI 
454 Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 


HM514800L Series 
¢ Fast Page Mode Read Cycle 


trasc 






RAS 
ty 
tec 
tcas 


GG ene nal 


Fs 
Y / ’ Vv, 







tase 


= 


Yi 





m 


3 


trac 





WD 


* = Don't Care 


~ 


toac 


0076-10 
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HM514800L Series 
¢ Fast Page Mode Early Write Cycle 


ty c 
tase 


pail 


CAS 
\ 


el hel NI 


“ ialie Wil 


High-Z 
Dout 
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HM514800L Series 


e Fast Page Mode Delayed Write Cycle 


i ; es eae , ie ae 
= Hele 


OK NIK NOK NUL 


* //)) = Don't Care 


HITACHI 
Hitachi America, Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 








457 


HM514800L Series 
e Fast Page Mode Read-Modify-Write Cycle 


tcp 
‘ 


Address 7 row 7 ahem a 


ZL | y | OL 


High-z — ‘|. l/ 
Ll Oe) Ss Gili 


tRAc 
toac 


tpzo 


* = Don't Care 
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HM514900 Series 


524,288-Word x 9-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514900 are CMOS dynamic RAM organized as 524,288-word x 
9-bit. HM514900 have realized higher density, higher performance and various func- 
tions by employing 0.8 wm CMOS process technology and some new CMOS circuit 
design technologies. The HM514900 offer Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514900 to be packaged in standard 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. 


m@ FEATURES 


e Single 5V (+10%) 
e High Speed 

ACCESS IMG ie 5.4-05 eS Gh peas canes eae aee ews 70 ns/80 ns/100 ns (max) 
e¢ Low Power Dissipation 

Active MOGC oid i Sed Sede ti aw tas 605 mW/550 mW/495 mW (max) 

Stand Dy MOG esa :cc. stead fae tes eit eee Moms 11 mW (max) 
e¢ Fast Page Mode Capability 
e 13024: Retresh GyGl6S ua nic oad hee S oes bea es dae Sew eee eee (16 ms) 
e 3 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 


M@ ORDERING INFORMATION @ PIN OUT 














Package 








HM514900JP Series 


HM514900JP-7 70 ns 400 mil 28-pin Veet 28 B Ves 
HM514900JP-8 80 ns Plastic SOJ 1/00 ci2 271/08 
HMS514900JP-10 100 ns (CP-28D) 22J1/07 







rey ae 












HMS514900ZP-7 70 ns 400 mil 28-pin 1/6?C4 25413706 
HMS514900ZP-8 80 ns Plastic ZIP cur: 2401/05 
HMS514900ZP-10 100 ns (ZP-28) 1/04 23C]CAS 
WE 22 0E 
m@ PIN DESCRIPTION onc SONC 
Pin Name Function AS 20 A AB 
Ap-A Address Input os cai 
QO- 9 ress npu AG 18 46 
—Row Address Ag—Ag a2 s7as 
—Column Address Ag-Ag i He Ay 
—Refresh Address Ag—Ag a 
: VecQi4 STV 
I/Op-I/Og Data-in/Data-out 
Saas 0092-1 
RAS Row Address Strobe (Top View) 
CAS Column Address Strobe 
WE Read/Write Enable 
OE Output Enable 
Vcc Power ( + 5V) 
Vss Ground 
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Preliminary 


HM514900JP Series 


3DCP28D 


3DZP28 


(ZP-28) 





HM514900ZP Series 


(ora 
T/05 
1/07 
Vss 
I/CO0 
1/02 
1/04 
RAS 
AQ 
19 A2 
24 Vee 
A4 
A6 
AB 


CAS 
1/06 
T/08 

Vee 
I/01 


28 


0092-2 


(Bottom View) 
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HM514900 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Voltage on Any Pin Relative to Vsg —1.0to +7.0 V 


—1.0to +7.0 V 
ot | 50m 


50 

Power Dissipation 

Operating Temperature opr “C 
Storage Temperature T stg °C 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to + 70°C) 


Supply Voltage Relative to Vss 
Short Circuit Output Current 


VT 
cc 
I 
T 


V 
P 
T, 


Parameter Symbol | Min Typ Max Note 
Vs {| 9 | o | oo | ov 
Supply Voltage 
: 


Note: 1. All voltage referenced to Vsg. 
¢ DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vss = OV) 










: : ae, HM514900-7 HMS514900-8 HMS514900-10 a puesta es 
arameter mbo ni est Conditions ote 
z | Min | Max Min Max Min Max 
sein fico | = [we [= [om | - |» [om [Ror [i 
Interface 

2 2 2 mA | RAS, CAS = Vyq, 
sa aa tecz CMOS Interface, RAS 

1 1 1 mA | CAS = Vcc — 0.2V, 

Dout = High-Z 

CAS Before RAS Refresh 
Current jtocs | = oo p= scl p= | 9 | ma | ine min 


ot 


Fast Page Mode Current Icc7 


Tapa Leakage Curcit “to | 10 | 10 OV 2 V, 3 7V 
_ - OV < Vout < 7V; 


Notes: 1. I¢c¢ depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vy. 
3. Address can be changed once or less while CAS = Vy. 


ot 
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HM514900 Series 


e Capacitance (Ty, = 25°C, Voc = 5V +10%) 


Input Capacitance (Address) a a a ae pF 
Output Capacitance (Data-in, Data-out) | Go | — | wo | pF 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyq, to disable Doyt. 


Max Unit 
5 


— 


a 


e AC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)1, 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


7 ; ee HM514900-7 HMS514900-8 HM514900-10 
arameter mbo 
| Min [Max [Min [Max 


Random Read or Write Cycle Time 


a 
— 
S Pal 
Rh nD PD nm 


Unit 


i 
=) 
<4 
iS) 


180 


OE to Din Delay Time topD 
OE Delay Time from Din tpzo = 


=] 


ee 
RAS Precharge Time za aS ee ns 
RAS Pulse Width | 80 | 10000 | 100 | 10000 
Row Address Setup Time ia sO i ove oe Oe 
Row Address Hold Time SS Sa ee n 
Column Address Setup Time a a eae ee ns 
Column Address Hold Time a ee ae ns 
oe 
RAS to Column Address Delay Time 35 55 
CAS Hold Time tcsH | 80 | 6 | 0 
CAS to RAS Precharge Time tcrP eee 0 
ed 
el 
peered 


cee 

RP ae 

tRAS 
we 
=a 
ae 
oe 

RAS to CAS Delay Time 

| | 
a 
| tos | =m 
| tore pes 
| topp _| eet a) 
| tpzo a 
| tpze_| Levee al 
| REF 


bo — 


CAS Setup Time from D,y tpzc Oo 
Transition Time (Rise and Fall) 0 3 0 
Refresh Period tREF i ee 6 Ls =| 6 
Read Cycle 
vi 
Access Time from RAS 100 
Access Time from CAS l tcac 25 


aN 
wr 


NO 


Access Time from Address 


Lo) 


| Min 
ss 
a 
Ea ae 
Access Time from OE | toac | — | 
Read Command Setup Time tres | 0 | 
Read Command Hold Time to CAS l tree | 0 | 
Read Command Hold Time to RAS tere | 0 | 
Column Address to RAS Lead Time 
Output Buffer Turn-off Time torr | 0 | 

| torr, | 0 | 

| tepp | 5 


KN] ye 
(>) 


Output Buffer Turn-off to OE toFF2 


ae 

ae ee 

— | 

fe el | = 

= | — | 5 
CAS to Dj, Delay Time tcpD Le el 20 


=e 
a 
ss 
pena 
: od 
aa 
ai 
ae 
se 
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HM514900 Series 


Write Cycle 
aa HM514900-7 HMS514900-8 HM514900-10 oa oon 
arameter ymodo [Min | nl ote 
Write Command Setup Time 10 
Write Command Hold Time 
Write Command Pulse Width 


Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Setup Time 
Data-in Hold Time 


so 
= 
ni 


— 
— 


— 
eh 


| Max | Min | Max | Min 
a a ae oe 
ee ee ee ee 
ee ae ee ae ee 
ane See ee 
ae ee Se ee 
Sh ee ee 
Le A ee a 


ee 
We 
tps | 0 


Read-Modify-Write Cycle 


HMS514900-7 HM514900-8 HM514900-10 en 
| Min [Max |” 


Parameter Note 


O|> |6 |z lz] g 
mlz |e lz le] 3 z 
dip isla] ¢ cs 


eo al 
Read-Modify-Write Cycle Time | 10 | | 6 — ~—6 ff 00s | Oo — STs | os 
Column Address to WE Delay Time | 60 | — | 6 | — | 8 | — | os | 10,13 


Refresh Cycle 


CAS Sep Tune t 10 10 10 ns 
(CAS Before RAS Refresh Cycle) CSR 
Mec [|| -f*|-* t= [- 
(CAS Before RAS Refresh Cycle) CHR 
Fast Page Mode Cycle 

so | Min] Max [Min [Max [Min [Max | | 
Fast Page Mode RAS Pulse Width trasc | — | 100000 | — | 100000 | — | 100000 | 12 
Access Time from CAS Precharge tacp | = | 4 | = | 3, 13 


RAS Hold Time from CAS Precharge | trycp | 40 | 


Fast Page Mode Read-Modify- 

Write Cycle CAS Precharge tcpw 65 70 85 
to WE Delay Time 

Fast Page Mode Read-Modify- t 95 

Write Cycle Time PCM 


Counter Test Cycle 























pau HM514900-7 HM514900-8 HM514900-10 
ie | Min [Max | Min 7 
Nin Ma | Min | Mar 
CAS Precharge Time in 
Counter Test Cycle pwr | o | - | » | - | » | - |» | 
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Notes: 


1. 
. Assumes that trcp < trcp (max) and trap Ss trap (max). If trop or trap is greater than the maximum recommended 


N 


NM & WwW 


10. 


11. 


12: 
13. 
14. 


15. 
16. 


HM514900 Series 


AC measurements assume tr = 5 ns. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

. Assumes that tpcp 2 trcp (max) and trap S trAp (max). 

. Assumes that trop *< trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. VyH (min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vy and Vy. 


. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 


if tpcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if tRAD is greater than the specified tp ap (max) limit, then access time is controlled exclusively by ta a. 

twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of taa or tcac or tacp. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Either troy or Trry must be satisfied for a read cycle. 








@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 465 





HM514900 Series 


m@ TIMING WAVEFORMS 
¢ Read Cycle 
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HM514900 Series 
¢ Early Write Cycle 





twes 
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tos 


<> 


e Wi : Don't care 


a Gz: Don’t care 
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\ 
| 


HM514900 Series 
¢ Delayed Write Cycle 


468 


Y ‘ 
Address Row ; 
ate te) Jos 


: 


tres 


Tay | eee 


YYyyyyygg=z#pww@—— 7 wa 


LLL ' 
i YY) : Don't care 


** Invalid Dout comes out, wnen Oz is low ieveal. 
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HM514900 Series 
¢ Read-Modify-Write Cycle 


gh 


a wee MTL 


towt 
tewo tors 
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tcac 


tau 
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HM514900 Series 
e RAS Only Refresh Cycle 


High-Z 


: Don't cere 


= YW : Don’t care 


*** Refresh address : AO —- AQ (AX0 - AX9) 





¢ CAS Before RAS Refresh Cycle 


ili 


torr 


WA, : Don't care 


xx WE Vin 
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HM514900 Series 


¢ Hidden Refresh Cycie 


TRAS 


(Refresh) 


S2AS tap t2A5 
(Read) (Refresh) 


~~ 


tac tac 
| | 
| 


traL 


tCAH 


ER trRH 


Z YYyyl b 
~ YU) il tcac ‘YV 


taa 
torFi 
trac 
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HM514900 Series 
¢ Fast Page Mode Read Cycle 


472 


tcsH 


| 
te t 
CO >\~4 CAS | 


Address } Row b Yj Col. DD Col. a 


eS ES 
Yi GY 


{ Dout |-—— 


— 


topo 


tozo toKe 


Ji <—>i torF2 


“i |i Ere 


oe 
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HM514900 Series 
e Fast Page Mode Early Write Cycle 





i, me 


High-Z 


Dout 
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HM514900 Series 
e Fast Page Mode Delayed Write Cycle 


ee sl 
teas ; 
7 a __ts_ 
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HM514900 Series 
e Fast Page Mode Read-Modify-Write Cycle 


tase 
—> 
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HM514900 Series 
¢ CAS Before RAS Refresh Counter Check Cycle (Read) 
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HM514900 Series 
¢ CAS Before RAS Refresh Counter Check Cycle (Write) 
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HM514260 Series JITJ__—_————~ Preliminary 


262,144-Word x 16-Bit Dynamic Random Access Memory 


m@ DESCRIPTION HM514260JP Series 


The Hitachi HM514260 are CMOS dynamic RAM orga- 
nized as 262,144-word x 16-bit. HM514260 have realized 
higher density, higher performance and various functions by 
employing 0.8 sm CMOS process technology and some 
new CMOS circuit design technologies. The HM514260 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514260 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. BPOPAOD 


@ FEATURES 


e Single 5V (+10%) 
¢ High Speed 
Access Time ............. 70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode ....... 935 mW/825 mW/715 mW (max) 
Standby Mode.............. cece cece 11 mW (max) 
e Fast Page Mode Capability 
e 512 Refresh Cycles ............ cc cece cece eens (8 ms) 
e 2CAS Byte Control 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh wales 





M@ ORDERING INFORMATION 


Access Time 












Part No. 


HM514260JP-7 
HM514260JP-8 
HM514260JP-10 


HMS514260ZP-7 
HM514260ZP-8 





Package 
400 mil 40-pin 
Plastic SOJ 1/00 C2 
(CP-40D) 1/013 
475 mil 40-pin 1/024 
Plastic ZIP 1/03 C15 










HMS514260ZP-10 (ZP-40) Vee O16 
1/04(]7 
@ PIN DESCRIPTION 1/05 (8 
1/06 C19 
Pin Name Function 1/0710 
Ap-Ag Address Input NCCji1 
—Row Address Ag—Ag NCC]i2 
—Column Address Ag—Ag WEC13 28CUCAS 
—Refresh Address Ag—Ag RASC]14 27 ae 
I/O9-1/045 Data-in/Data-out NC C115 26[)A8 
RAS Row Address Strobe 
UCAS, LCAS Column Address Strobe 
WE Read/Write Enable Voc | 30] [29] A3 | 
Voc Power (450) (Top View) [as [4] [33] As _ 


rwcas| 3 [7] OE 
ixc_[4o| [39] Beas 


(Bottom View) 
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HM514260 Series 
@ TRUTH TABLE 


I/O 


_— 
=} 
a2) 
<= 
ot 
R 





= = Operation 
RAS | __ICAS UCAS WE | OF 
H H H H H i High-Z Standby 
L H H H H High-Z Refresh 
L L H H L High-Z Lower Byte Read 
L H L H L Dout Upper Byte Read 
L L L H L Dout Word Read 
L L H L H Don’t Care Lower Byte Write 
L H L L H Don’t Care Upper Byte Write 
L L L L H Din Word Write 
L L L H H High-Z 





@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 


Voltage on Any Pin Relative to Vss Vp —1.0to +7.0 V 
Supply Voltage Relative to Vss Veo —10to +7.0 V 
Short Circuit Output Current 


Power Dissipation 


Operating Temperature ee Oto +70 °C 


Storage Temperature — 55 to + 125 aC 


o|]o 
3 
> 





@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter Symbol | Min 
ne ee are 


Input High Voltage 


Note: 1. All voltage referenced to Vss. 


Typ Max Unit Note 


a 

a8) 

i) 

ff 

nf wa 


¢ DC Electrical Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV) 


HM514260-7 HM514260-8 HM514260-10 Ga 


Parameter Symbol Test Conditions Note 


RAS RAS Cycling 
mA | LCAS or UCAS Cycling 
trc = Min 
TTL Interface 
mA | RAS, LCAS, UCAS = Vyyz 
Dout = High- Z 
CMOS Interface, RAS, 
mA | LCAS, UCAS 2 Vcc — 0.2V, 


E. 








Operating Current 





1,2 


— 
~] 
=) 


Standby Current 





RAS Only Refresh Current | Ioc3 110 2 


Standby Current Iccs 





CAS Before RAS Refresh 


Current 110 


pe — p—_— 
Q Q Q 
Q Q QD 
nN i) — 
| 
oS 


Fast Page Mode Current Icc7 


Input Leakage Current Ip OV << Vin S$ 7V 


roi 
QO 
Il 
= 
i=} 
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HM514260 Series 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vgg = OV) (continued) 


: ; renee HMS514260-7 HMS514260-8 HMS514260-10 Unit Test Conditi Not 
arameter modo. nt es onditions ote 


Tin 
comtaueona fin [| [-» | » |e] » [om Seva 
ou 


Notes: 1. Ic¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vy,. 
3. Address can be changed once or less while LCAS and UCAS = Vjqy. 


e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Parameter Typ 
Input Capacitance (Address) Chi a ae 
Output Capacitance (Data-in, Data-out) a ae a ee 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. LCAS and UCAS = Vj, to disable Dox. 








¢ AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)1, 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HMS514260-7 HM514260-8 HMS514260-10 


Random Read or Write Cycle Time f tre =| 20 | | — [| 0 | 180 Baars 

RAS to Column Address Delay Time | tran | 1 | 35 | 15 | 4 | 2 | 55 | os | 9 

Transition Time (Rise and Fall) nea Sea eae ee 7 
jter | — | 8 | ~ | & [| — | 8 | ms 


Refresh Period tREF 
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HM514260 Series 





Read Cycle 
| Min | Max | Min | Max | Min =| Max _| 
Access Time from Address Ce eee ees eS Seas ae SS 3, 5, 13 
Column Address to RAS Lead Time ltr | 3 | — | 4 | — | 5 | — | os | 
Write Cycle 
| Min | | Max | | Min | | Max | | Min | Max | 
Write Command Pulse Width a a ao a a 


Read-Modify-Write Cycle 


HM514260-7 HM514260-8 HM514260-10 


| 


Parameter Symbol Unit Note 


in Max 
Read-Modify-Write Cycle Time tRWC 180 
RAS to WE Delay Time tRWD 
CAS to WE Delay Time tcwD 
Column Address to WE Delay Time | tawp 
OE to Hold Time from WE toEH 


Mt mm 


nN 
Oo 


— 
Oo 


10, 13 


[200 [305 
[05s 
rae a a 
eae a 
ae a ee ee 


— 
=) 


Refresh Cycle 


HM514260-7 HM514260-8 HMS514260-10 
ax 


Parameter Symbol 

Max | M M 
CAS Setup Time ‘ 
(CAS Before RAS Refresh Cycle) CSR 


CAS Hold Time : 
(CAS Before RAS Refresh Cycle) CHR 


Unit Note 


RAS Precharge to CAS Hold Time 
CAS Precharge Time in Normal Mode | tcpn | 10 


— | — = — 
a] 
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HM514260 Series 
Fast Page Mode Cycle 


. . ne HMS14260-7 HMS514260-8 HMS514260-10 Peeiees 
arameter mbo ni ote 
Fast Page Mode Cycle Time tpc Dads) ee 
Fast Page Mode CAS Precharge Time | t 10 10 10 

CP 
Fast Page Mode RAS Pulse Width trasc | — | 100000 | — | 100000 


Access Time from CAS Precharge 


RAS Hold Time from CAS Precharge 


Fast Page Mode Read-Modify- 

Write Cycle CAS Precharge tcpw 65 70 85 
to WE Delay Time 

Fast Page Mode Read-Modify- P 95 

Write Cycle Time PCM 


5 
nr 
Lo) 
jan) 
we 
— 
Ww 


Counter Test Cycle 






















. Pease HMS514260-7 HMS514260-8 HMS514260-10 ie 
arameter mbo ni 
CAS Precharge Time in 

Counter Test Cycle ‘i = 7 p- | 2 1 - [=| 





Notes: 1. AC measurements assume tr = 5 ns. 

2. Assumes that tpcp S$ trcp (max) and trap S trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

4. Assumes that tpcp 2 trcp (max) and trap ¥ trap (max). 

5. Assumes that trcp < trcp (max) and trap 2 trap (max). 

6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vj. 

8. Operation with the trop (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 
if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

10. twcs, tgwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs = twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. trasc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of taa or tcac or tacp. 

14. An initial pause of 100 us is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Either trcy or TRRH must be satisfied for a read cycle. 

17. When both LCAS and UCAS go low at the same time, all 16 bits data are written into the device. LCAS or UCAS cannot 
be staggered within the same write/read cycles. 
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@ TIMING WAVEFORMS 
Read Cycle 
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¢ Delayed Write Cycle 








; tcsH 3 tcrp 
trsH 
tcas 
<> 
tcWwL 
tRwe 
| {CAH | 
<< 


sasres 7 tow WL) coum az 


"= =i =a 


* Ulli a 


poe 





" Ula! 


"WY : Don't care 
Invalid Dout comes out, when OE is low level 


akw® 
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¢ Read-Modify-Write Cycle 


address a. HE Eoin oo V0 MMM. 


- iw ; 







a ‘0 


torr? 


: GY : Don't care 
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¢ RAS Only Refresh Cycle 


so iz A G7 
ener 


High-Z 


* : Don't care 
a ‘Don't care 
Xan 


a address : AO — A8 (AX0 — AX8) 


na a 
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HM514260 Series 
¢ Hidden Refresh Cycle 
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HM514260 Series 
e Fast Page Mode Read Cycle 
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HM514260 Series 


¢ Fast Page Mode Delayed Write Cycle 


Sateen ve rn ena Lae ea 
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HM514260 Series 
¢ Fast Page Mode Read-Modify-Write Cycle 
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HM514170 Series 


Preliminary 


262,144-Word x 16-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514170 are CMOS dynamic RAM orga- 
nized as 262,144-word x 16-bit. HM514170 have realized 
higher density, higher performance and various functions by 
employing 0.8 wm CMOS process technology and some 
new CMOS circuit design technologies. The HM514170 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514170 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+10%) 
e High Speed 
Access Time ............. 70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode ....... 770 mW/660 mW/550 mW (max) 
Standby Mode................ cee eee 11 mW (max) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycles ............. cece cece eens (16 ms) 
e 2WE Byte Control 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 


M@ ORDERING INFORMATION 


Access Time 











Package 


HM514170JP Series 


8DCP40D 


3DZP40 





(ZP-40) 


m@ PIN OUT 


HM514170JP Series HM514170ZP Series 


a) 












HM514170JP-7 
HM514170JP-8 
HM5141703P-10 






400 mil 40-pin Vec Ol 
Plastic SOJ 1/o0cj2 
(CP-40D) 1/0103 





HMS514170ZP-7 475 mil 40-pin 1/02 (4 
HM514170ZP-8 Plastic ZIP 1/035 
HMS514170ZP-10 (ZP-40) Vee C16 








Hi 


Vss 
1/015 
1/014 
1/013 
1/012 
Vss 





1/04 q7 1/011 
@ PIN DESCRIPTION 1/058 1/010 
; ; 1/0609 1/09 
Pin Name Function 1/07C10 
Ag-Ag Address Input NCCj11 NC 
—Row Address Ap-Ag “LWEC112 NC 
—Column Address Aop-A7 UWE q 13 CAS 
—Refresh Address Ag—Ag RAS cd 14 27KI0E 
1/O9-1/015 Data-in/Data-out A915 26008 
RAS Row Address Strobe A0C16 25(A7 
— a1Cj17 24006 
CAS Column Address Strobe a2 Chis 2310 A5 
UWE, LWE Read/Write Enable nc 22K0A4 
OE Output Enable Vee 420 21}IVss 
Voc Power (+ 5V) (Top View) oe 
Vss Ground 
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HM514170 Series 
@ TRUTH TABLE 





= ——= —— = Operation 
RAS LWE CAS OE 1/09-1/07 1/0s-1/015 
H H H H High-Z Standby 
L H H H High-Z Refresh 
L H H L Dout Word Read 
L L H L Don’t Care Lower Byte Write 
L H L L Din Upper Byte Write 
L L L L in Word Write 
L H H L High-Z 
@ ABSOLUTE MAXIMUM RATINGS 
Parameter Unit 
Voltage on Any Pin Relative to Vss V 
Supply Voltage Relative to Vsg V 
Short Circuit Output Current mA 
Power Dissipation W 





Operating Temperature Oto +70 od 
Storage Temperature T stg —5S5to + 125 "C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Parameter Symbol 


Supply Voltage 


Input High Voltage Vin 
Input Low (orin) | Vn | = 10 


Note: 1. All voltage referenced to Vgs. 


i) 
<< 
so 


< 
Q 
QD 
> 
; 

uw 
o 

LA ws 


e DC Electrical Characteristics (Ta, = 0 to + 70°C, Voc = 5V +10%, Vssg = OV) 


: j Sie HM514170-7 HMS514170-8 HM514170-10 Unie err Not 
arameter modo ni es onditions ote 
Min_[_ a | 


Standby Current Icc2 







RAS Cycling 
mA | CAS Cycling 
trc = Min 
TTL Interface 
RAS, CAS = Vig 
Dout = High-Z 
CMOS Interface 
RAS, CAS = Vcc — 0.2V, 


100 1,2 








Ee 
eis) 
> 


RAS Only Refresh Current 


Standby Current fs | = 


wm — NO 
fa) 


CAS Before RAS Refresh 
Current 


Ioce 
Fast Page Mode Current 
Ip} 


Input Leakage Current iy | 


— 
Ww 
oO 
— 
— 
i) 
os 
y) 
OQ 

ll 
5 


[10 
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HM514170 Series 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) (continued) 


re HM514170-7 HM514170-8 HMS514170-10 Test Condit 
mvdo. es ongditions 


_ , OV < Vout $ 7V, 


Notes: 1. Ic¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed <1 time while RAS = Vj,. 
3. Address can be changed <1 time while CAS = Vyjyqy. 













Parameter 





Output Leakage Current 





Output High Voltage 
Output Low Voltage 





e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Parameter Symbol Typ Max Note 
Input Capacitance (Address) St ___ 


Input Capacitance (Clocks) 


Output Capacitance (Data-in, Data-out) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyq to disable Doyt. 





¢ AC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)1. 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Phar pee a Max | Min =| Max | 
Random Read or Write Cycle Time tre Tae eee Sea eS 
RAS to Column Address Delay Time | trap Swe Vee ee we ee Se SS 9 
Transition Time (Rise and Fall) a ee ee ee ee eee eee 7 
[trer | 
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HM514170 Series 
Read Cycle 


HMS514170-10 
Parameter Symbol 


Sym HM514170-7 HM514170-8 


Column Address toRASLeadTime | tra, | 35 | — | 4 [{ — | 55 | — | ms | 
Write Cycle 
| Min | Max | Min | Max | Min | Max | 


Read-Modify-Write Cycle 


HM514170-7 HM514170-8 HM514170-10 


Parameter Unit Note 


S Alix iz] & Sig gia |Z 

eI = 3 1A 14 

cEER)E dadduda 
an 


eo oe 
Column Address to WE Delay Time tawD a ae Se ae Sees SS 10, 13 
Refresh Cycle 
Max 
WER fe |e f-[»|-fe[-[= 
(CAS Before RAS Refresh Cycle) 
Minow f= [>| -t*f-[* [= [= 
(CAS Before RAS Refresh Cycle) CHR 
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HM514170 Series 
Fast Page Mode Cycle 


Parameter Symbol Unit Note 


[Max [Min [Mex [Min [Max | 
ee ee 
105000 


Fast Page Mode CAS Precharge Time 


Fast Page Mode RAS Pulse Width | = — | 100000 | 100000 100000 12 
Access Time from CAS Precharge 3, 13 


RAS Hold Time from CAS Precharge tRHCP | 40 


Fast Page Mode Read-Modify-Write 

Cycle CAS Precharge tcpw 65 70 85 
to WE Delay Time 

Fast Page Mode Read-Modify-Write t 95 

Cycle Time PCM 


> bo ai 
6 5 
QO 

5 

a 

an 

BH 


Counter Test Cycle 











ce HM514170-7 HM514170-8 HM514170-10 ie 
ee | Min [Max | : 
Max | Min | Max [| Min | Max 
CAS Precharge Time in 
Counter Test Cycle for | o | - | » | - | » | - | =| 





Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap < trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tpcp 2 trcp (max) and trap S$ trap (max). 
5 
6 





. Assumes that tpcp < trcp (max) and trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Vy (min) and Vy; (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vj. 
8. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twos 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tewp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. trasc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tag or tcac or tacp. 

14. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Either trcy or TrryH must be satisfied for a read cycle. 

17. When both LWE and UWE go low at the same time, all 16-bits data are written into the device. LWE and UWE cannot be 
staggered within the same write cycles. 
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e Delayed Write Cycle 
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HM514170 Series 
¢ RAS Only Refresh Cycle 


| tras tap 
lg hg 


Se menannemnnENtegeemenges nme eee 


RAS ; 


t 
CRP ty 
Ad 


' RAH 
tasr 


— D_-_ za: 


Noa eee ean eee 


CPN 
<—____+» 


torr) 
High-2 
* : Don't care 
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e Hidden Refresh Cycle 


eries 


YZ 
Adaress 





- High-2 
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HM514170 Series 
¢ Fast Page Mode Read Cycle 








Dout 


TL 
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HM514170 Series 
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HM514170 Series 


st Page Mode Delayed Write Cycle 


7 | arn lg teas ee cr . ey 
Pe rt 

Address Uj Row Gp Col, Wp aon 

me DCE 


508 


V//, 


Gp 
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¢ Fast Page Mode Read-Modify-Write Cycle 


fet 


| 
oa oe 
ae = —is 7/7 


—_——— 


TAS Sie 
e 





nile: ae ace —_ —__ 


= ia Ny AAA 
pcmip ei 7 
. _ cien, Cie | 
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HM514170 Series 
¢ CAS Before RAS Refresh Counter Check Cycle (Read) 





“ ~~ EE ; _ 
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HM514280 Series 


Preliminary 


262,144-Word x 18-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514280 are CMOS dynamic RAM orga- 
nized as 262,144-word x 18-bit. HM514280 have realized 
higher density, higher performance and various functions by 
employing 0.8 wm CMOS process technology and some 
new CMOS circuit design technologies. The HM514280 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514280 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 


m@ FEATURES 


e Single 5V (+10%) 
¢ High Speed 
Access Time ............. 70 ns/80 ns/100 ns (max) 
e¢ Low Power Dissipation 
Active Mode ....... 935 mW/825 mW/715 mW (max) 
Standby Mode.............. cece eee 11 mW (max) 
e Fast Page Mode Capability 
e 512 Refresh Cycles ........... ccc cee eee eee eens (8 ms) 
¢ 2CAS Byte Control 
¢ 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 


@ ORDERING INFORMATION 


Access Time 











Package 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 
475 mil 40-pin 
Plastic ZIP 
(ZP-40) 


HM514280JP-7 
HM514280JP-8 
HM514280JP-10 


HM514280ZP-7 
HM514280ZP-8 
HM514280ZP-10 










m@ PIN DESCRIPTION 


Pin Name Function 

Ao-Ag Address Input 

—Row Address Ap—Ag 

—Column Address Ao-Ag 

—Refresh Address Ap-Ag 
I/O9-1/0 17 Data-in/Data-out 
RAS Row Address Strobe 
UCAS, LCAS Column Address Strobe 
WE Read/Write Enable 
OE Output Enable 
Vcc Power (+ 5V) 
Vss Ground 


HMS514280JP Series 


38DCP40D 


3DZP40 





m@ PIN OUT 
HM514280JP Series 


Vee C1 400) Vss5 
1/00 C2 39[5 1/017 
1/0103 38C1 1/016 
1/02 (4 Hey 
1/03 C5 361/014 
Vee C6 35(Vss 
1/0447 34(191/013 
1/05 C18 33[91/012 
1/06 C9 321/011 
1/07 C10 311917010 
1/0811 30(9 1709 
ucc}i2 2a LAs 
WE C13 28[QUCAS 
RASC14 27(0E 
NC C15 76 A8 
40(116 c5(A7 
ArQ17 24(A6 


A218 23[A5 
A319 22CA4 
Vee C20 21fVss 
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HM514280 Series 
@ TRUTH TABLE 


nt 


buts Operation 





L 5 aR A A WB A AN Word Wit 
a A 


M@ ABSOLUTE MAXIMUM RATINGS 


Parameter =e Value Unit 
—1.0to + 7.0 Vv 


—10to +7.0 V 


Voltage on Any Pin Relative to Vsg 
Supply Voltage Relative to Vss 
Short Circuit Output Current st 
Power Dissipation 
Oto +70 yg 
— 55to + 125 "Cc 


Operating Temperature 


e 
= ws 
o|o 
= 
> 


Storage Temperature 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter mm Max Unit Note 
Input High Voltage —— 


Input Low (1/O Pin) 


Note: 1. All voltage referenced to Vg. 


mi wm 


a ee 


it 
NI] 
O10 


e¢ DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V 410%, Sana = 0V) 


. ‘ ee HM514280-7 HM514280-8 | HM514280-10 = pees ae 
arameter mbo ni est Conditions ote 
RAS RAS Cycling 
Operating Current Icc1 mA | LCAS or UCAS Cycling Le 
trc = Min 
TTL Interface RAS, 
mA | LCAS, UCAS = Vy, 
Dout = High-Z 
i arc — CMOS Interface RAS, 
mA | LCAS, UCAS 2 Vcc — 0.2V, 
pe 7 = High-Z 
RAS Only 


CAS Before RAS 
Sas fe Seoeoeo5 : 


Fast Page Mode Current Hor _| =} te | mo | 110 | mA|tpo=Min sd tpc = Min 
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HM514280 Series 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) (continued) 








514 


out = Disable 
Notes: 1. Ic¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed <1 time while RAS = Vy. 
3. Address can be changed <1 time while LCAS and UCAS = Vj. 
e Capacitance (Ta = 25°C, Voc = 5V +10%) 
Input Capacitance (Address) Te ee ee nn 1 
Output Capacitance (Data-in, Data-out) | cy | — {| wo | pF 1,2 
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. LCAS and UCAS = Vjypq, to disable Doyt. 
e AC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)1, 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 
Ma 
Random Read or Write Cycle Time | tac 30 | — | 10 | — | 189 | — | os | 
RAS to Column Address Delay Time / trap | 1s | 35 | 1s | 40 | 2 =| 55 | os | 9 
Transition Time (Rise and Fall) ee ae ee ee ee ee eee 7 
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HM514280 Series 


Read Cycle 
oe | Max 
Access Time from Address ee a 3,5, 13 
Column Address to RAS Lead Time tran | 35 SE 
Write Cycle 


Data-in Hold Ti 


oe a 


me 'DH oe | eet Ab ee, 20 


Read-Modify-Write Cycle 


Parameter Symbol 


| Min | Max | Min | 
Read-Modify-Write Cycle Time tRwec | 130 | ~=— | 200 | 
RAS to WE Delay Time tRWD | 9 | — | 105 | 
CAS to WE Delay Time tcwD oe eee ee 
Column Address to WE Delay Time | tawp bs BO ihr Meet I abe cl 
OE Hold Time from WE tOEH | 2 | — { » | 


Refresh Cycle 


Parameter Symbol 


HMS514280-7 HM514280-8 HM514280-10 
Unit Note 


10 


| Max | | Max 
eas | ms 
a | ms 
Le ee ee 
| = | ew | ~ | os | 101 
ee eee ee ee 


ae | ae an 8 ee 
Unit Note 


CAS Setup Time ; 
(CAS Before RAS Refresh Cycle) CSR 
(AS Bele RAS Rts fee |e [Pe 


RAS Precharge to CAS Hold Time | trec | 


CAS Precharge Time in Normal Mode Sa ea ee ee 


CAS Hold Time 
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HM514280 Series 
Fast Page Mode Cycle 


HM514280-7 HMS514280-8 HMS514280-10 
Parameter Symbol : 
Min Min Max 


| Max | | Max | Min | Max _ 
Fast Page Mode CAS Precharge Time | tcp ne eae eee ie fee 
Access Time from CAS Precharge tacp ae See See eS 


Fast Page Mode Read-Modify-Write 

Cycle CAS Precharge tcpw 65 70 85 
to WE Delay Time 

Fast Page Mode Read-Modify-Write t 95 

Cycle Time PCM 


Unit Note 


w 
— 
Ww 


Counter Test Cycle 












aes HM514280-7 HM514280-8 H1M514280-10 7" 
arameter ymodo ni 
Nin [Max [Min [Mar | Min [Max 
CAS Precharge Time in 
Counter Test Cycle jr | » | - | » | - | » | - | mw 


Notes: 1. AC measurements assume tr = 5 ns. 

2. Assumes that trcp S$ trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that trop 2 trcp (max) and trap S trap (max). 

5. Assumes that trcp S trcp (max) and trap 2 trap (max). 

6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vixz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vy. 

8. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by tga. 

10. twcs, tprwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. trasc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tag or tcac or tacp. 

14, An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Either tacy or TRRH must be satisfied for a read cycle. 

17. When both LCAS and UCAS go low at the same time, all 18-bits data are written into the device. LCAS and UCAS cannot 
be staggered within the same write/read cycles. 
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¢ Delayed Write Cycle 
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HM514280 Series 
e Hidden Refresh Cycle 
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¢ Fast Page Mode Read Cycle 








a D- | co. WY ae J. 


ian 
| wis el : 





Oo 






. 





iz 


i Uy : Don’t care 


© HITACHI 
rica, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 523 


Hitachi Ameri 


HM514280 Series 
e Fast Page Mode Early Write Cycle 
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e Fast Page Mode Delayed Write Cycle 
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HM514280 Series 
e Fast Page Mode Read-Modify-Write Cycle 
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¢ CAS Before RAS Refresh Counter Check Cycle (Read) 
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HM514190 Series —_____________ Preliminary 


262,144-Word x 18-Bit Dynamic Random Access Memory 


M@ DESCRIPTION HMS514190JP Series 


The Hitachi HM514190 are CMOS dynamic RAM orga- 
nized as 262,144-word x 18-bit. HM514190 have realized 
higher density, higher performance and various functions by 
employing 0.8 wm CMOS process technology and some 
new CMOS circuit design technologies. The HM514190 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514190 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 


475 mil 40-pin plastic ZIP. 3DCP40D 


M@ FEATURES 


e Single 5V (+10%) 
e High Speed 
Access Time ............. 70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode ....... 770 mW/660 mW/550 mW (max) 
Standby Mode................. cece eee 11 mW (max) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycles ......... 0... ccc cece eens (16 ms) 
e 2 WE Byte Control 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 


Hidden Refresh 3DZP40 


(ZP-40) 


MM ORDERING INFORMATION @ PIN OUT 


Package HMS514190JP Series 


70 ns 400 mil 40-pin Vee O1 40 
Plastic SOJ 1/002 39 
7 


Vss 
80 ns 1/017 
(CP-40D) 1/01 1/016 
1/015 
1/014 








HM514190ZP Series 









HM514190JP-7 
HM514190JP-8 
HM514190JP-10 


HM514190ZP-7 
HMS514190ZP-8 





100 ns 









475 mil 40-pin 1/02 


Plastic ZIP 1/03 








ov] 6 


Vors| 8 


38 
3 
36 
HMS514190ZP-10 (ZP-40) Me : Vss Vsg_ | 10} | 9| 1/017 
m@ PIN DESCRIPTION 1/05 33(9 1/012 
Pin Name Function ue sbi echt 
Ag-Ag Address Input 1/08 3091/09 
—Row Address Ag-Ag WE 29 NC 2 4 
—Column Address Ao-A7 28CICAS 
—Refresh Address Ao-Ag 27K0E 
I/O9-I/O Data-in/Data-out 26JA8 ——— —— 
0-017 P 
———— 25CJA7 
RAS Row Address Strobe 
CAS Column Address Strobe 
UWE, LWE Read/Write Enable 
— CC 3 
OE Output Enable 
Voc Power (+ 5V) 





(Top View) 
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(Bottom View) 
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HM514190 Series 
@ TRUTH TABLE 
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mM ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
Voltage on Any Pin Relative to Vsg —1.0to +7.0 V 
Supply Voltage Relative to Vsg —1.0to +7.0 V 


Short Circuit Output Current mA 


Operating Temperature Oto +70 "Cc 


Storage Temperature Tstg —55to + 125 a © 


iN 
o}]o 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta, = 0 to +70°C) 


Parameter Symbol | Min | Typ 


Supply Voltage 


Input Low (1/0 Pin) in 


Note: 1. All voltage referenced to Vgs. 


< 


< 
Q 
QO 
TH 
wr 
wr 
. 
infu 


ax Unit Note 


ee oe ae ee 


e DC Electrical Characteristics (Ta, = 0 to + 70°C, Voc = 5V +10%, Se = QV) 


a HMS514190-7 HM514190-8 | HMS514190-10 | Sree os 
_ n | Min [Max [Min [Max _ _—— _ 
Max [Min [Max | 
Operating Current RAS Cycling 
Icc1 140 120 100 | mA | CAS Cycling 
trc = Min 
TTL Interface 
2 2 2 mA | RAS, CAS = Vy, 
Dout = High-Z 
Standby Current Icc2 CMOS Interface 
1 1 mA | RAS, CAS 2 Vcc — 0.2V, 
mie = ee 
RAS Only Refresh Current Hoes | 2 
oA se VInH> 
Standby Current Iocs mA | CAS = Vj, 1 
Enable 
CAS Before RAS Refresh 


Fast Page Mode Current aa 110 EL tpc = Min 








1,2 
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HM514190 Series 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vgg = OV) (continued) 


. , ree HM514190-7 HM514190-8 HM514190-10 ian Te Candin Not 
arameter mbdo nl es onditions ote 
out ~— 


Notes: 1. I¢c depends on output load condition when the device is selected, [cc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vjy,. 
3. Address can be changed once or less while CAS = Vyyy. 


e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Parameter | Symbol =| Typ, | Max Unit Note 
Input Capacitance (Address) a ae ae ee 
Input Capacitance (Clocks) Cr Se a ae 
Output Capacitance (Data-in, Data-out) ee eee eee 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyq to disable Doyt. 


ao] 
Ti 


4s) ae) 
— 


Ty} 
— 
ie) 





e AC Characteristics (Ta = 0 to +70°C, Voc = 5V 410%, Vsg = OV)1; 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 





| Min | Max | | Min | | Max | Min | Max 
Random Read or Write Cycle Time ee ee ee ee ee ee oe ee 
RAS to Column Address Delay Time | trap | 15 [35.1 15140120} 35 | om | 9 
Transition Time (Rise and Fall) Lae ese tease eee eS Se Ss 7 
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HM514190 Series. ———________________________________________________—_ 


Read Cycle 
Access Time from Address tad ae 2a Se Se ee ee 3, 5, 13 
Column Address to RAS Lead Time tRAL ea ee Se eS a eae aS 
Write Cycle 
| Min | Max Min Max 
Write Command Setup Time yi. el 10 


Write Command Hold Time 1 
Write Command Pulse Width tw 1 
Write Command to RAS Lead Time 
Write Command to CAS Lead Time 


Data-in Setup Time tps L 0 | 
Data-in Hold Time (DH 


Read-Modify-Write Cycle 


NO 
co) 


in | Max _| 
a 
fe dh ee 
Bp Ne 
Cee 
eee 
es 
sled 


we) 
co) 


nN 
Nn 


Wn 


nN 
(a) 


— 
— 


ns 


Cc 
= 
E. 


7 
Ci 
a 


— 
— 


6S |> jd |x lw] G Gg |x Zid 
ce = 3 re) 
ddddais FREER E 


Sra 
Min [Max 
Read-Modify-Write Cycle Time F190 | 6 fo | 245 [Meee cone | 
Column Address to WE Delay Time = ae ea ee Sea eee 
Refresh Cycle 
HM514190-7 HMS514190-8 HMS514190-10 

WEMieece f= | t-p*[-[[- fe 
(CAS Before RAS Refresh Cycle) CSR 
CGwowewsrreagay fm | © | — |» | — | wo | - |» 
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HM514190 Series 
Fast Page Mode Cycle 


Fast Page Mode Cycle Time tpc Se ee 55 Poe al 
Fast Page Mode CAS Precharge Time tc ae a ae ee 
| 100000 _| 


Fast Page Mode RAS Pulse Width tRASC 


oa 
over ae 
es 


Unit Note 


— 
N 


RAS Hold Time from CAS Precharge tRHCP 


Fast Page Mode Read-Modify- Write 

Cycle CAS Precharge tcpw 65 70 85 
to WE Delay Time 

Fast Page Mode Read-Modify-Write ' 95 

Cycle Time PCM 


w 
— 
w 


Counter Test Cycle 





















Parameter Unit 


HMS514190-7 HMS514190-8 HM514190-10 
Symbol 


Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that trcp S$ trcp (max) and trap S trap (max). If tpcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tpcp 2 trcp (max) and trap *S trap (max). 
5 
6 





CAS Precharge Time in 


Counter Test Cycle Y 


w 
i) 





. Assumes that tpcp S trcp (max) and trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Vi (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyyq and Vjy,. 
8. Operation with the trop (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

10. twcs, tpwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twos (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if thwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min) and 
tcpw 2 tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tpasc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of ta, or tcac or tacp. 

14. An initial pause of 100 js is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Either troy or TRrH must be satisfied for a read cycle. 

17. When both LWE and UWE go low at the same time, all 16-bits data are written into the device. LWE and UWE cannot be 
staggered within the same write cycles. 
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e Early Write Cycle 
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HM514190 Series 
¢ Delayed Write Cycle 
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HM514190 Series 


e Fast Page Mode Read Cycle 
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HM514190 Series 
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HM514190 Series 
e Fast Page Mode Delayed Write Cycle 
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HM514190 Series 


e Fast Page Mode Read-Modify-Write Cycle 
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HM5116100 Series 


16,777,216-Word x 1-Bit Dynamic Random Access Memory 


Mm DESCRIPTION 


The Hitachi HM5116100 is a CMOS dynamic RAM organized 16,777,216-word x 
1-bit. It employs the most advanced CMOS technology for high performance and 
low power. The HM5116100 offers Fast Page Mode as a high speed access mode. 


@ FEATURES 
e Single 5V (+10%) 


¢ High Speed 
PCCOSS. TIMG: cssiehe tare iwn Wea eaten’ setae 60 ns/70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode...............e0005 495 mW/440 mW/385 mW/330 mW (max) 
Standby Modes xcs iy Sig Xa pee eRe eed Va ee aban 11 mW (max) 


e Fast Page Mode Capability 
e Long Refresh Period 
« 4096 Refresh Cycles: 2. css cysvk wate ad dined ie eteteee a Rosia wdeileks (64 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 


M@ ORDERING INFORMATION 


Access Time 









Package 
m@ PIN OUT 


HM5116100J-6 are 

HMS51161005-7 400 mil 24-pin : 

HMS51 161003-8 Plastic SOJ HMS5116100J Series 
: (CP-24D) 


HM5116100J-10 







HMS5116100Z-6 Rae 
HM5116100Z-7 ee 
H1M5116100Z-8 ee 


HMS5116100Z-10 





m@ PIN DESCRIPTION 


Pin Name Function 
Ap-Aj1 Address Input 

Ao-Aj1 Refresh Address Input 
Din Data Input 

Dout Data Output 

RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power Supply (+ 5V) 
Vss Ground (Top View) 
NC No Connection 


Preliminary 


HMS5116100J Series 


38DCP24D 


(CP-24D) 
HM5116100Z Series 


3DZP24 





0100-2 


(Bottom View) 





This specification is fully compatible with the preliminary 16MB DRAM specifications 


from TEXAS INSTRUMENTS. 
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m@ BLOCK DIAGRAM 
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Control 
Circuit 










256k memory cell array 


Sense amp & I/O bus 
256k memory cell array 
256k memory cell array 

D § O 







256k memory ceil array 










: & 1/0 bus 
256k memory cell array 






256k memory cell array 


Sense amp & 1/0 bu 
256k memory cell array 







256k memory cell array 







Sense amp & I/O bu 
256k memory cell array 






256k memory cell array 
Sense amp & I/O bu 








256k memory ceil array 








Senseamp & 1/0 bu 






256k memory cell array 


Column decoder & driver 





256k memory cell array 







256k memory ceil array 






256k memory cell array 






Sense amp & I/O bus 
256k memory cell array 






256k memory cell array 





256k memory cell array 
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256k memory ceil array 


256k memory cell array 






Sense amp & I/O bus 
256k memory cell array 






256k memory cell array 






Sense amp _& W/O bus 
256k memory ceil array 






256k memory cell array 







256k memory ceil array 






256k memory cell array 






Sense amp & 1/0 bus 
256k memory cell array 










Column address buffer 
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Address AO —-A11 
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256k memory cell array 


256k memory cell array 
Sense amp & 1/0 bus 


256k memory cell array 
256k memory ceil array 


256k memory cell array 
| Senseamp & VO buy 


256k memory ceil array 


256k memory ceil array 
256k memory cell array 


256k memory cell array 


Column decoder & driver 
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HM5116100 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vss Vv 
Supply Voltage Relative to Vsg V 
Short Circuit Output Current mA 
Power Dissipation W 
Operating Temperature °C 
Storage Temperature “C 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Note: 


1. All voltage referenced to Vgs. 


¢ DC Electrical Characteristics (Ta, = 0 to +70°C, Voc = 5V 410%, Vssg = OV) 


Parameter 


Operating Current 


Standby Current 


RAS Only Refresh 
Current 


Standby Current 


CAS Before RAS 
Refresh Current 


Fast Page Mode 
Current 


Input Leakage 
Current 


Output Leakage 
Current 


Output High Voltage 
Output Low Voltage 


Notes: 


HM5116100J/Z 





Note 


TTL Interface 

mA | RAS, CAS = Vip 
Dout = High Z 
CMOS Interface 


mA | RAS, CAS = Vcc — 0.2V 
Dout = High-Z 


Symbol Test Conditions 


’ 
; 
ce 
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on 


wn ~I I ~ = 





& 
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Icc1 


pe 
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S 
joo) 
ad 
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— 
— 


OV < Vou $ 7V 
Dout = Disable 


High Ion = —5mA 
Low Ioyt = 4.2 mA 


al 
° 


Vou 
VoL 


wf] | 
aN 
° 
fo) < —_ > 


Ex 


t | 
o 
ofl<|] wu an 
-~ 10 


1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 


2. Address can be changed once or less while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vyq. 
4, Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 
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HM5116100 Series 
e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address, Data-in) a ar a ee ee ee ee cee 1 
Input Capacitance (Clocks) Co ioe ee ie Sa, a ae 1 
Output Capacitance (Data-out) a ee ee ee ee ee 1,2 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyq to disable Dout. 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)1: 2, 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 








HM51161003/Z 
Parameter symbol | = HiT -10 Unit | Note 
itn Mar [Min [Mor in| ex | Mim [Mar 
Transition Time (Riseand Fall) | tr | 3 | 30 | 3 | 30 | 3 | 30 | 3 | 30 | os | 5 
Read Cycle 





Access Time from RAS Pe 600 Ieee cf 5802 | 6, 7, 17 
Access Time from CAS Ea eS eral, OO) 7, 8,17 
Access Time from Address Es es ae | 7,9, 17 
Read Command Setup Time trcs 0: | in 30 

Read Command Hold Timeto CAS | troy ie hones 10 
Read Command Hold Time to RAS tRRH Peo! 10 


Column Address to RAS Lead Time 
Column Address to CAS Lead Time | tcar 
CAS to Output in Low-Z tcLz 
Output Data Hold Time 


Output Buffer Turn-off Time tOFF Pe | iS. | 


7) 


nH 


—_ 
— 
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HM5116100 Series 








Write Cycle 
HMS116100J/Z 
Parameter Symbol Pe ee ee ee ee ee ae ae Unit Note 
iin [Max [Min | Max [Min | Max [Min | Max 
Write Command Pulse Width twee Nts eee fd eee Ce wee, So a lo id age 
Data-in Hold Time (toe | is | — | i | ~ | is | ~ | is | ~ | ow | 
Read-Modify-Write Cycle 
HMS5116100J/Z 
Parameter Symbol i a Se Se Sa ae -10 Unit Note 
| Min Max Min | Max Min Max Min Max 
GuakdesnWR Davie Law | os ao ae) oe 


Refresh Cycle 


HMS1161003/Z 
nme Symbol | 6 EB Unit | Note 
CAS Setup Time i 
(CBR Refresh Cycle) CSR 
CAS Hold Time : ze 
(CBR Refresh Cycle) CHR 
WE Setup Time 





WE Hold Time - 
(CBR Refresh Cycle) WRH 
RAS Precharge to CAS Hold Time | trpc =| 0 | 


Fast Page Mode Cycle 


Fast Page Mode Cycle Time tee | 40 | 
Acces Tine from CASPrectare [tra |—{ 3 |—-| 0 [-| # |—| 50 | 
WE Delay Time from CAS Precharge | tcpew | 35 | — | 4 | — | | 50. | 
RAS Hold Time from CAS Precharge | tcprn | 35 | — | 40 | — | 45 | 





14 
15, 17 


Fast Page Mode Read-Modify-Write Cycle 






HMS5116100J/Z 


in [Max [Min | Max | in | Max [Min | Min 
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Cc 
5 
= 


Parameter 










Fast Page Mode Read-Modify-Write 
Cycle Time 








HM5116100 Series 


Test Mode Cycle 






HM5116100J/Z 









Parameter 


Test Mode WE Setup Time 
Test Mode WE Hold Time 








Counter Test Cycle 


Parameter 






CAS Precharge Time in 
Counter Test Cycle 


Notes: 1. AC measurements assume ty = 5 ns. 

2. An initial pause of 100 pss is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS only Refresh or CAS before RAS Refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

3. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only; 
if tacp is greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 

4. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only; 
if trap is greater than the specified tp ap (max) limit, then access time is controlled exclusively by taa. 

5. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyyy (min) and Vy; (max). 

6. Assumes that trop < trcp (max) and trap < trap (max). If tpcp or trap is greater than the maximum recommended 

value shown in this table, trac exceeds the value shown. 

. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that trcp 2 trcp (max) and trap < trap (max). 

. Assumes that trop < trcp (max) and trap 2 trap (max). 

. Either trcy or trry must be satisfied for a read cycle. 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

12. twcs, tpwp,> tcwp. tawp and tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only; if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp 
(min), or tcwp 2 tcwp (min), tawp 2 tawp (min) and tcpw 2 tcpw (min), the cycle is a read-modify-write and the 
data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

14. trasp defines RAS pulse width in fast page mode cycles. 

15. Access time is determined by the longer of taa or tcac Or tcpa. 

16. Test mode operation specified in this data sheet is 16-bits test function controlled by compression addresses ... CAO, CA1, 
CA10 and CA11. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 
during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of sixteen 
test bits accord with each other, the state of the output data is high level. When the state of test bits do not accord with 
each other, the state of the output data is low level. Data output pin is Doy and data input in is D,y. If any refresh cycle 
has occurred, the test mode is reset. 

17. In a test mode read cycle, the value of trac, taa, tcac and tcp, is delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 





— 
mm © Oo oo ~] 
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HM5116100 Series 
@ TIMING WAVEFORMS 
Read Cycle 


2 ee] 


trcH 
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tra 
tasr AH Ir 


~D- 0 aaa 





‘wes 
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e Delayed Write Cycle 





tcsH tcrp 
trcp 
: ——e| 
CAS 
ASR) [tRay; =| Lase. 


D- ea 
: = rl Pe 


~ 


G 


* Uli |_" = ili 





. WY : Don’t care 


0100-6 


¢ Read-Modify-Write Cycle 
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HM5116100 Series 
e RAS Only Refresh Cycle 


i - 


torr 
bei - OPEN 
id E : Don’t care 
“1 Y 4, :Don’'t care 
*** Refresh address : AO ~A11 (RAO — RA11) 
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HM5116100 Series 
¢ Hidden Refresh Cycle 


tre tac 
| ee 


tre tras tre tra trp 


t 
—E 





; tRRH 


tRCH 


; Uy : Don’t care 


0100-10 
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HM5116100 Series — —@ $$ 


e Fast Page Mode Read Cycle 


ae es BERS x 


1 Column N 


lati 


Wi 


. : Don't care 


0100-11 
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e Fast Page Mode Early Write Cycle 





twcu 
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HM5116100 Series 
e Fast Page Mode Delayed Write Cycle 


t t 
ASR RAH 


FY from 
7] 


Oy 


 WYYW> Wp 


Deut 5 


: Don't care 


0100-13 
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HM5116100 Series 
e Fast Page Mode Read-Modify-Write Cycle 


vo 





Y 
g 
Z 


SN 


QO BEE QW 


\ 


tha 


torr 


p 


0100-14 
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—— het 


Zo oe care 
ddress, Din: Don’t care 


A 


ne senuannal 


Dout Uji 
MR. 
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—_|{— 


YW} * Yj : Don't care 


ne 


Dout i. 
MMR 





* Refresh address AQ-Ai1 (RAQ-RA11 
me Uy : Don't care 
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HM5116100 Series 
CAS Before RAS Refresh Counter Check Cycle (Read) 






t 
CHR | |. ‘cPT _[{_ RSH 











tary 


‘wre 





tcac 






tou 
trac 








Dout yyy 
MMM 


\N 
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7 = 
a 7 


twcs twWcH 
nn 


Dout WMV”: 
MMM 
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HM5116100L Series Low Power version Product Preview 


16,777,216-Word x 1-Bit Dynamic Random Access Memory 


@ DESCRIPTION HM5116100LJ Series 


The Hitachi HM5116100 is a CMOS dynamic RAM organized 16,777,216 words x 
1-bit. It employs the most advanced CMOS technology for high performance and 
low power. The HM5116100 offers Fast Page Mode as a high speed access mode. 


@ FEATURES 
e Single 5V (+10%) 


e High Speed 3DCP24D 
ACCOSS TING: sacowshdeboe tate AA Geriehas 60 ns/70 ns/80 ns/100 ns (max) (CP-24D) 

¢ Low Power Dissipation HM5116100LZ Series 
Active Mode..................6- 495 mW/440 mW/385 mW/330 mW (max) 


mLaMODY MOO. vie i be ee Sat area hale sata se 9lOU ea eRe 11 mW (max) 
e Fast Page Mode Capability 
e Long Refresh Period 

4096: Retresh Cycles .c iscss wine ka cee tas 6p chwie wis bs eae eee (256 ms) 
e 3 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 
¢ Battery Back Up Operation ay 


M@ ORDERING INFORMATION 


Access Time 














Package @ PIN OUT 


HM5116100LJ-6 400 mil 24-pin HMS5116100LJ Series 
HM5116100LJ-7 Plastic SOJ 
HM5116100LJ-8 (CP-24D) 


HM5116100LJ-10 











HMS5116100LZ-6 eee 
HM5116100LZ-7 Ce 
HMS5116100LZ-8 an 


HM5116100LZ-10 





m@ PIN DESCRIPTION 
Pin Name Function 
Ag-Ay]1 Address Input 
Ag-Aj4 Refresh Address Input 
Din Data Input 
Dout Data Output 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power Supply (+ 5V) 
Vss Ground o10e+2 
NC No Connection (Top View) eotor ew) 
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m@ BLOCK DIAGRAM 









RAS 
Control 
Circuit 













256k memory cell array 





Sense amp & VO bus 
256k memory cell array 















256k memory cell array 
256k memory cell array 
256k memory cell array 


Sense amp. & /O bu 
256k memory cell array 
256k memory cell array 
|__ Sense amp. & VO bus | 


256k memory cell array 


Sense amp _ & 1/0 bus 
256k memory cell array 


256k memory cell array 
Sense amp & VO bus 


256k memory cell array 
| Senseamp 8UO bus 


256k memory ceil array 


Column decoder & driver 
256k memory cell array 


| Senseamp 8 VO bus | 
256k memory cell array 


256k memory cell array 
Sense amp & VO bus 


256k memory cell array 
256k memory cell array 


Oo ¢ @ 
* @ 























256k memory cell array 


256k memory cell array 
| Sense amp, BVO bus | 


256k memory cell array 


256k memory cell array 
Sense amp _& I/O bus 


256k memory cell array 
256k memory cell array 


Sense amp _ & 1/0 bus 
256k memory cell array 
256k memory cell array 


256k memory cell array 
256k memory cell array 


Sense amp & I/O bus 


Column address buffer 













CAS 
Control 
Circuit 


Row 
decoder 


& 


driver 





Row 
decoder 


& 





Address A0 -A11 


















256x memory cell array 





Sense amo & W/O bus 
256k memory cell array 





256k memory cell array 


Sense amo _ & I/O bus 
256k memory cell array 


256k memory cell array 


256k memory cell array 
256k memory cell array 


Sense amp & W/O bus 
256k memory cell array 


256k memory cell array 


Sense amp & 1/0 bus 
256k memory cell array 


256k memory cell array 


Sense amp & I/O bus 
256k memory cell array 


256k memory cell array 


Sense amp _& 1/0 bus 
256k memory cell array 


256k memory cell array 


ense amp. & 1/0 bus 
256k memory cell array 


Column decoder & driver 
256k memory cell array 


256k memory cell array 
256k memory cell array 


Sense amp & I/O bus 
256k memory cell array 


256k memory ceil array 
256k memory cell array 


256k memory cell array 
256k memory cell array 


Sense amp & 1/0 bus 
256k memory cell array 
256k memory cell array 


Senseamp & 1/0 bus 


256k memory cell array 
256k memory cell array 


256k memory cell array 
256k memory ceil array 


Sense amp & I/O bus 


Row address buffer 
a 
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HM5116100L Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Voltage on Any Pin Relative to Vss —1.0to +7.0 V 
Supply Voltage Relative to Vss —10to +7.0 V 
I 


Short Circuit Output Current oe ae ee mA 
Power Disspation (Pr ok Oe. 
Operating Temperature “C 


Storage Temperature 2C 
Mm ELECTRICAL CHARACTERISTICS 


e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Paramcer [Symbol [Min [Typ | Max | Unk —‘[ Now 
SupplyVolage | Veo | 45~4Y sod] ss | 
input High Volage | Ym [24 | — | «s_| vi 4 
inpitLow Voluge | Yn | -109 | — | os |v [| 1 


Note: 1. All voltage referenced to Vgs. 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = a 


. { Pere HMS5116100-6 | HM5116100-7 | HM5116100-8 | HM5116100-10 | Test Condit naa 

arameter m es ondition ote 
yee ain [Max | Min [| Max | Min | Max [| Min [ Ma 

Oneniing Curent fics | — | 0 | - | 0 | — | esi 


TTL Interface 
RAS, CAS = Vix 


CMOS Interface 


RAS, CAS and WE > 
Vecc — 0.2V, or < 6.5V 
Address and 

Din = Stable 


pf 
Standby Current Icc2 -|-|-]+ 


RAS Only ‘ 

Refresh Current CC3 

Standby Current jes | - | 3 
CAS Before RAS i 

Refresh Current CC6 

Fast Page ; 

Mode Current CC7 


Battery Back-up 

Operating Current I 
(Standby with Cc10 
CBR Refresh) 


Input Leakage Current 


Output Leakage Current — 10 








> 
OQ 
> 
7) 


8 5 = 5 = B = G 
Be amet 


~~ 


CMOS ieee 

CBR Refresh: 

trc = 62.5 ps 
500 | pA teag S 1 ps 


wa 
oS 
fa) 


Address and 
Din = Stable 
Dout = High- Z 


OV < Vin = 7V 


OV Ss Vout S 7V 
Dout = Disable 





| 
— 
>) 


— 


—_ 
ae 


> 


| 
— 
lo) 
ws 


— — 
sis 
| 
‘feet, 
oS 
— — 
js |s 
| 
— 
(a) 
~— — 
js |s 
= Ss 
> 
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HM5116100L Series 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vss = ne (continued) 


areas 


Notes: 1. Ic¢c depends on output load condition when the device is selected, I¢¢ max is Sana at the output open condition. 
. Address can be changed once or less while RAS = Vy. 

. Address can be changed once or less while CAS = Vy. 

. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 

» Voc — 0.2V Ss Voy Ss 6.5V, OV < Vy Ss 0.2V. 














Parameter 






Output High Voltage 
Output Low Voltage 





On & WwW YY 


e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Parameter Symbol Max Note 


Input Capacitance (Clocks) C2 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 





¢ AC Characteristics (Ta = 0 to 70°C, Voc = 5V +10%, Vsg = OV)1. 2, 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Parameter ymbo. 
by 


Random Read or Write Cycle Time | tre 110 
RAS Precharge Time trp 40 


Unit | Note 


— 
© 


CAS Precharge Time tcp 


Man coke 
ae eed 
ae eed ae 
Pw dee! ae 


Read Cycle 


p , = HMS5116100-6 HM5116100-7 HMS5116100-8 HM5116100-10 Wait’ Not 
arameter modo nl ote 
‘ M Mx Mex [Min 
70 


Access Time from RAS tRAC 


fob) 
Me 


Access Time from CAS s AC eee 
Access Time from Address eee 
Read Command Setup Time he | 
Read Command Hold Time to CAS 


Read Command Hold Time to RAS 


a le |e |S 
B10 |O 
jo 4 


| Min | 
rater te 
aS See ee 
za ee ee ee 
Be See ae ae 
ak eae 
ae ee ee ee 
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HM5116100L Series 
Read Cycle (continued) 
HMS5116100-6 HMS116100-7 HMS5116100-8 HMS5116100-10 


Max 


Parameter Symbol Unit | Note 


Column Address to RAS Lead Time | trar 
Column Address to CAS Lead Time | tcar 


| Min | 

Cte. a 

ee ae ee a ee 
CAS to Output in Low-Z Co i Be ee oe ee ee 

i ae ee ee ee 

poe ae ee 


=) 
n 


Output Data Hold Time 


S 
Te 


25 


— 
— 


Output Buffer Turn-off Time tOFF 


Write Cycle 


P t S 1 HMS5116100-6 HMS116100-7 HMS5116100-8 HM5116100-10 
arameter ymbo 
la Max Max Mi 


Unit | Note 


< 


Write Command Setup Time a aie 12 
Write Command Hold Time twcH 
Write Command Pulse Width twp 


+ 
= 
QO 
M 


nN 
WN 


a — — 
es 
MmimT 5 
~ 


Write Command to CAS Lead Time 
Data-in Setup Time ltps | 0 | 
Data-in Hold Time tpH 


Read-Modify-Write Cycle 


NO 
nn WA 
— 
we 


= cee eae 
Loe es ae 
fw ee lead 
Write Command to RAS Lead Time | trwr, Za se ewe eee 
= eee a 
am eco —_—-= 
as a sz 


Parameter Symbol Note 


Cl HM5116100-6 HMS5116100-7 HMS5116100-8 | HMS116100-10 | 
nl 


— 
Ww 


» [ve Tin [a 


Refresh Cycle 


: ; Sunil HM5116100-6 HMS5116100-7 HM5116100-8 HMS5116100-10 ae" : 
arameter modo nl 


CAS Setup Time ; - 
(CBR Refresh Cycle) CSR 

CAS Hold Time 

ies mf =[-=[-[=[-* [=] 
WE Setup Time 


cornarnoyso fe | | — | | = | oe | - [ow | ~ | 
WE Hold Time ; - - 
(CBR Refresh Cycle) WRH 


RAS Precharge toCASHold Time | terc_| 0 | — | o | ~ | o | —~ | 0 | = [ os 


Fast Page Mode Cycle 


Note 


Parameter 


: 
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HM5116100L Series 
Fast Page Mode Read-Modify-Write Cycle 


svmbot |_HMSit6100-6_ | HMs116100-7_ | _HM5116100.8 | _HMS116100-10 
moo. 
( i Min Min ax | Min | Max 


Cain [Max [Min [Mx 
Lee] ee fe 
Min Mi 
aaa ea ON 
a ee al 






Parameter 










Fast Page Mode Read-Modify- 
Write Cycle Time 





<i 
a 
Hi 
QD 
ele 
=} 



























; Seg HMS5116100-6 HM5116100-7 HMS5116100-8 HMS5116100-10 at 

arameter mbo ni 
Min [Max | Min [Ma 

CAS Precharge Time in 

Counter Test Cycle pas a a Le ae a ae = 


Notes: 1. AC measurements assume tr = 5 ns. 

2. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS only refresh or CAS before RAS refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

3. Operation with the trop (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only; 
if trcp is greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 

4. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only; 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

5. Vay (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy; (min) and Vy, (max). 

6. Assumes that trop < trcp (max) and trap < trap (max). If trpcep or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

7. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

8. Assumes that trcp 2 trcp (max) and trap = trap (max). 

9. Assumes that tpcp < trcp (max) and trap 2 trap (max). 

0 

1 








. Either troy or trry must be satisfied for a read cycle. 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

12. twcs, tprwp, tcwp;> tawp and tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only; if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 
tawp (min), or tcewp 2 tcwp (min), tawp 2 tawp (min), and tcpw 2 tcpw (min), the cycle is a read-modify-write and 
the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeterminate. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

14. tpasp defines RAS pulse width in fast page mode cycles. 

15. Access time is determined by the longer of tag or tcac or tcpa. 

16. Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses — CAO, CAI, 
CA10 and CA11. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 
during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of sixteen 
test bits accord with each other, the state of the output data is high level. When the state of test bits do not accord with 
each other, the state of the output data is low level. Data output pin is Doy; and data input pin is D,y. If any refresh cycle is 
occurred, the test mode is reset. 

17. In a test mode read cycle, the value of trac, taa, tcac and tcp, is delayed by 2 ns to 5 ns for the specified value. These 

parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM5116100L Series 


B TIMING WAVEFORMS 
° Read Cycle 


t 
RRH 


tRCH 
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DS ; 
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¢ Delayed Write Cycle 






i a li 


Column YY 
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HM5116100L Series 
¢ Read-Modify-Write Cycle 


RAS 


CAS 





amen 


. 





\ Se Gate 


ee 


: GD : Don't care 
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HM5116100L Series 
¢ RAS Only Refresh Cycle 


t t 
RPC CRP 


t t 
ASR RAH 


* Uh Mili 


Beli 
peut OPEN 


: Don’t care 


sl E 
** : Don’t care 


*** Refresh address : AO - A11 (RAO - RA11) 
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~“_ 


torr 
sae OPEN 
U 
« Y Y : Don't care 
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HM5116100L Series 
¢ Hidden Refresh Cycle 


| | 
| 





trrH 


tRCH 


° : Don’t care 
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HM5116100L Series 
e Fast Page Mode Read Cycle 





* Uy : Don't care 
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HM5116100L Series 
¢ Fast Page Mode Early Write Cycle 


tasc 
<3 


Yy 


. = - oo , 
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HM5116100L Series 
¢ Fast Page Mode Delayed Write Cycle 


taser} |traH 
<>| |<—> 


Address Zi von WY 


tase 
<> 


Invalid 
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HM5116100L Series 
e Fast Page Mode Read-Modify-Write Cycle 








twe 






~ 
\ 


a 


trac 
torr 


Dout 


/? 


. : Don't care 
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100L Series 


¢ Test Mode Cycle 
Set Cycle *** Test Mode Cycle 
an, SE a be ReneS EERE oe 
as Wi 


Vda 


ae 


Dout YU» p 
MM : YY : Don't care 
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Dout YY. 


LMA 


tre 
A nn 


; lap ~ lll 


Dout Wp: 


MMMM 
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— 
tc 


= Ze 


Dout jf 
MMM 
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HM5116100L Series 
Before RAS Refresh Counter Check Cycle (Write) 





tos| |_ _ tou 


Dout VU MYo™_ 





. WY : Don't care 
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HM5116400 Series 


4,194,304-Word x 4-Bit Dynamic Random Access Memory 


™@ DESCRIPTION 


The Hitachi HM5116400 is a CMOS dynamic RAM organized 4,194,304 words x 
4 bits. It employs the most advanced CMOS technology for high performance and 
low power. The HM5116400 offers Fast Page Mode as a high speed access mode. 


M@ FEATURES 
e Single 5V (+10%) 


e High Speed 
ACCOSS TMG asics tenes wae Marka Gate we aee 60 ns/70 ns/80 ns/100 ns (max) 
¢ Low Power Dissipation 
Active Mode................0.055 495 mW/440 mW/385 mW/330 mW (max) 
Standby Moud6s «c500. anrit i sack tied eae eure backs osaas 11 mW (max) 


¢ Fast Page Mode Capability 
¢ Long Refresh Period 

4096 Retresht CyCIOS:« sua-daaiticinnee aces Saeed eaGe deta anryeess (64 ms) 
¢ 3 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 


™ ORDERING INFORMATION 


Access Time 





Package 










m@ PIN OUT 


HMS51164009-6 a 

HM5116400J-7 400 mil 24-pin : 

HMS51 164003-8 Plastic SOJ HMS5116400J Series 
: (CP-24D) 


HM5116400J-10 


HM5116400Z-6 
HM5116400Z-7 
HM5116400Z-8 
HM5116400Z-10 









475 mil 24-pin 
Plastic ZIP 
(ZP-24) 





@ PIN DESCRIPTION 


Pin Name Function 
Ag-Aq1 Address Input 
Ao-Ai1 Refresh Address Input 
I/O9-I/04 Data Input/Data Output 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
OE Output Enable 
Vcc Power ( + 5V) 
Vss Ground (Top View) 
NC No Connection 
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Product Preview 


HMS5116400J Series 


3DCP24D 


(CP-24D) 
HM5116400Z Series 


3DZP24 





0101-2 


(Bottom View) 
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HM5116400 Series 
@ BLOCK DIAGRAM 


RAS CAS 






















256k memory cell array 


Sense amp & I/O bus 


256k memory ceil array 


256k memory ceil array 
Sense amp _ & 1/0 bus 


256k memory cell array 
256k memory cell array 


256k memory cell array 
256k memory ceil array 


Sense amp & /0 bus 
256k memory cell array 


256k memory cell array 
Sense amp & I/O bus 


256k memory ceil array 
256k memory cell array 


Sense amp & I/O bus 


256k memory cell array 
256k memory cell array 


Sense amp & VO bus 


256k memory cell array 
256k memory cell array 


256k memory cell array 


Column decoder & driver 
256k memory ceil array 
@ 


256k memory cell array 


256k memory cell array 
Sense amp & /O bus 


256k memory cell array 
256k memory ceil array 


256k memory cell array 
256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp _ & I/O bus 
256k memory cell array 
256k memory ceil array 


Sense amp & I/O bus 






































RAS CAS OE 
Control Control Control 
Circuit Circuit Circuit 


Row 
decoder 


& 


driver 





Row 
decoder 


& 


driver 
















256k memory cell array 


Sense amp _ & W/O bus 
256k memory cell array 
256k memory ceil array 


Sense amp & I/O bus 
256k memory cell array 
256k memory cell array 


256k memory cell array 
256k memory cell array 


Sense amp & I/O bus 
256k memory cell array 
256k memory cell array 


Sense amp. & I/O bus 


256k memory cell array 
256k memory cell array 


256k memory cell array 
256k memory cell array 


256k memory cell array 
256k memory cell array 
256k memory cell array 
Column decoder & driver 
256k memory cell array 


256k memory cell array 


256k memory ceil array 
















Sense amp & I/O bus 
256k memory cell array 


256k memory cell array 





256k memory cell array 


256k memory cell array 
[Sense amp VO bys 


256k memory cell array 
256k memory cell arsay 


Sense amp _ & 1/0 bus 
256k memory cell array 


256k memory cell array 


Sense amp & 1/0 bus 



















104 


103 


102 





256k memory cell array 


256k memory ceil array 


256k memory cell array 


256k memory cell array 
Sense amp & I/O bus 


256k memory cell array 


256k memory cell array 
256k memory cell array 


| Sense amp BVO bus 
256% memory cell array 
256k memory cell array 


Sens2amp & I/O bus 


Column address buffer 
~ 
A0-AQ9 Address AO -A11 






















VO buffer |} 1/01 





Row adaress buffer 





ae 





A0-A11 


0101-3 
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mM ABSOLUTE MAXIMUM RATINGS 


HM5116400 Series 


Parameter Unit 
Voltage on Any Pin Relative to Vss V 
Supply Voltage Relative to Vss Vv 
Short Circuit Output Current mA 
Power Dissipation WwW 
Operating Temperature 2C 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Note: 1. All voltage referenced to Vsg. 
e DC Electrical Characteristics (T, = 0 to + 70°C, Vcc = 5V +10%, Vsg = 


HM5116400J/Z 


OV) 








Parameter Note 









Operating Current Icc1 80. |i | 70 1,2 
Dour = Hi fe Z 
Standby Current Icc2 Da = Hike 
1 1 1 1 mA | RAS, CAS 2 Vcc — 0.2V 
Dour = High-Z 
RAS Only Refresh ste 
Current feta feta te , 


1,4 


CAS Before RAS 
Refresh Current 

m= [-[[-fel- Pt -le lee 
Pe [af [eal «el [ol Lm [nena 
Output Leakage cia 


Fast Page Mode 
~10 OV < Vout < 7V 
Current 


Current 
Pout = Disable 


Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vjy. 
3. Address can be changed once or less while CAS = Vyq. 
4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 





Input Leakage 
Current 


© HITACHI 
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HM5116400 Series 
e Capacitance (Ty, = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address) 


Ci 
Input Capacitance (Clocks) 


Output Capacitance (Data-in, Data-out) 


<= 
=| 


Note 


F 
F 


— 


| &- 
oo 
— 


— 


i) 


me) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy to disable Doyt. 


e AC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)1, 2, 3, 19, 20 
Read, Write Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM5116400J/Z 





Parameter Symbol Unit | Note 


aie 


Random Read or Write Cycle Time tre 








Min | ——a 
Transition Time (Rise and Fall) | tr | 3 | 30 | 3 | 30 {| 3 | 30 | 3 [ 30 | os | 8 
Read Cycle 
- HM5116400J/Z 
Parameter Symbol | = 6 {Tt ss nit | Note 

Access Time froin RAS trac. | =| 0 | = | 70 | = | 80 | — | 100 | ns | 910,21 
Access Time from Address tas Meee fe 80 ee BS eae I Sage Tee Logg | ang. | 10, 12, 21 
Read Command Hold Time to CAS tne POU ee Ol ees Od eee i wn eas Fae a 13 
Read Command Hold TimetoRAS | trrn {| 5 | — | 5 | — | 5 | — | 5 | — | os | 2B 
Column Address toRASLeadTime | tra, | 30 | — | 35 | — | 4 | — | 45 | — | os | 

Column Address to CAS Lead Time | tcar | 30 | — | 35 | — | 4 | — | 45 | — | os | 
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HM5116400 Series 
Read Cycle (continued) 


HMS116400J/Z 
Output Data Hold Time toH 





- 
- 


Output Data Hold Time from OE | toHo | Ss 
Output Buffer Turn-off Time to OF le stgpges. fmees afte lie peat ARE UP eet ile Oe ee. ah 25 14 


Write Cycle 


HMS5116400J/Z 





Write Command Setup Time twcs (nae 15 
Write Command Hold Time twcH 
Write Command Pulse Width twp 


Write Command to CAS Lead Time tCwL 





— 


| Min | Max | 
aes 
ie reed 
Lae ad 
Write Command to RAS Lead Time tRWL ees 
as 
aes 
Eee | 


Data-in Setup Time tps Or 
Data-in Hold Time (DH 16 


Read-Modify-Write Cycle 





Parameter Symbol Note 


1 

i] 
pom 
i) 
Cc 
=) 
=: 


pms 
| ns | 
pms 
pms 
| ns | 16 
fail? 
pms 
pms 
pons 
pms 
Lae 


[Min | Ma Max 

RAS to WE Delay Time “a i aS eee es eee r 
Column Address to WE Delay Time tAWD 50 eter ree ee 15 
Refresh Cycle 





CAS Setup Time 

CAS Hold Time 

Gaxtianoy | fom | ® | — | | - | m | - | | 
WE Setup Time 

cannery fae | @ | ~ | | - |e | - | | — 
(CBR Refresh Cycle) wind 


RAS Precharge to CAS Hold Time tree | 0 | — | 0 | 
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HM5116400 Series 
Fast Page Mode Cycle 


HMS5116400J/Z 


[Min | 
Fast Page Mode Cycle Time tee | 40 
Fast Page Mode RAS Pulse Width trasp | — | 
| — | 
| 55 





17 


ps | 

a es pms 
p=] 4 | ~ | 50 | ns | 18,21 

| 85 ps 

__as_| 


Access Time from CAS Precharge 












Parameter 


Fast Page Mode Read-Modify-Write 
Cycle Time 





Test Mode Cycle 


Parameter 











Test Mode WE Setup Time 
Test Mode WE Hold Time 


Counter Test Cycle 


Parameter 






CAS Precharge Time in 
Counter Test Cycle 
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Notes: 


1. 


HM5116400 Series 


AC measurements assume tr = 5 ns. 


2. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 


we 


10. 
11. 
12. 
13. 
14. 


15. 


16. 


17. 
18. 
19. 
20. 


21. 





of cycles containing RAS only Refresh or CAS before RAS Refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 


. Only row address is indispensable on address A10 and A11. 
. Operation with the trcp (max) limit insures that tp ac (max) can be met, trcp (max) is specified as a reference point only, 


if trcp is greater than the specified tprcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified tp ap (max) limit, then access time is controlled exclusively by ta a. 


. Either topp or tcpp must be satisfied. 
. Either tpzo or tpzc must be satisfied. 
. Vix (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyyy (min) and Vy; (max). 


. Assumes that tpcp < trcp (max) and trap < trap (max). If trep or trap is greater than the maximum recommended 


value shown in this table, trac exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Assumes that tpcp 2 trcp (max) and trap S$ trap (max). 

Assumes that trpcp * trcp (max) and trap 2 trRAp (max). 

Either tprcy or trry must be satisfied for a read cycle. 

torr (max) and topz (max) define the time at which the outputs achieve the open circuit condition and are not referenced 
to output voltage levels. 

twcs, trwp, tcwp, tawp and tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only; if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 
tawp (min), or tcwp 2 tcwp (min), tawp 2 tawp (min) and tcpw 2 tcpw (min) the cycle is a read-modify-write and 
the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

trasp defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of ta, or tcac Or tcpa. 

In delay write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses ... CAO and 
CA1. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of four test bits on 
each I/O accord with each other, the state of the output data on the I/O is high level. When the state of four test bits on 
the I/O do not accord with each other, the state of the output data on the I/O is low level. Data input and output pins are 
I/O,-I/O4. If any refresh cycle is occurred, the test mode is reset. 

In a test mode read cycle, the value of trac, taa, tcac and tcpa is delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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¢ Early Write Cycle 


t t t t 
ASR RAH ASC CAH 


— -_ Oe zzz _ 


twos 


WC 
RO aed 








OPEN** 





Dout 


s RS 
Soe 


e Delayed Write Cycle 





ea on 


7 a 


ddress Uy 


‘ 







tos| |_ tox 


> Ui — - = 


- | 











al? a 


7 


# 
tou 
La 








i 
A/ 
r/ 

tozc 
tozo 


toez 
trac toHo 
y 
CX ) 
tcLz Bi 
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. YY : Don't care 


0101-15 


HM5116400 Series 
¢ RAS Only Refresh Cycle 


ste —_ mo 


OPEN 
Dout a 
ul OE,WE r 


on't care 
ress : AO -A11 (RAO — RA11) 
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<> 





tore 
— OPEN 
Ou 


* : Don’t care 
xs Uy : Don’t care 
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HM5116400 Series 
¢ Hidden Refresh Cycle 


600 


RAS 


9 
5 


a 


ress 


tre 
<> 


tre 
tre tras tre tap 
= - 
Y 


Cd cae 





tec 
———— 
tras 


tras ; 


t 


enn ae 


ASR 
<> 


7] 


et 
» *] 

ce 

>) 
i os 
- = > 
eS i 

SS 
2 


| i 
aaa i 


A A 
tcac a toez 
—— 
taa Ee toHO 
teuz 
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HM5116400 Series 
e Fast Page Mode Read Cycle 


RAS 
t 


CAS 


tasr 






Md 






GE TERE SOS Es 


WCW 


aN 


= 









(as ee Ee See ST 
ANS 







S Aas is 
ll hae 
ae 
Dout Zi Dout 1 }) [oun 


0101-11 | 
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HM5116400 Series 
e Fast Page Mode Early Write Cycle 


trase 


RAS 
t 


_ 


twcu 





OPEN** 
Dou 
* OF :Don't care 
i GY : Don't care 
” twcs = twcs (min) 
@ HITACHI 
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HM5116400 Series 


¢ Fast Page Mode Delayed Write Cycle 
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eee 


HM5116400 Series 
¢ Fast Page Mode Read-Modify-Write Cycle 


trasp 






7 aN 
CAS 
“Thy zal yy 
Address pion WY tee Y/Y 
on trwt 
" | -:.. 
‘h P 
: 7 
Dout 


* : Don't care 


0101-14 
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ea eee 


- ee 


Dout YW: OPEN 
Vl, . UY} : Don't care 
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: iv yyy 


Dout LMM OPEN 
aici ‘i : Don't care 


RP 
A ann 


_ - ers 
“a Ud 9 me 


von Sy 
MMA 
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HM5116400 Series 


CAS Before RAS Refresh Counter Check Cycle (Read) 


RAS ~ 


trp 
<—— 














— 
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CAS Before RAS Refresh Counter Check Cycle (Write) 


t 
trec tcsr t PT ters 
| ee | ee ne | le 
SMEAR Sere ; tcas 
CAS 
7 
Y) 


ee et 











tos} |. _ ton tozc 











OFF 





. YY) : Don’t care 
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HM5116400L Series Low Power Version 


4,194,304-Word x 4-Bit Dynamic Random Access Memory 


lm DESCRIPTION 


The Hitachi HM5116400 is a CMOS dynamic RAM organized 4,194,304 words x 
4 bits. It employs the most advanced CMOS technology for high performance and 
low power. The HM5116400 offers Fast Page Mode as a high speed access mode. 


@ FEATURES 
e Single 5V (+10%) 


e High Speed 
ACCESS THING oie aws- cerns wiaaree Ges aes 60 ns/70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode...............0000- 495 mW/440 mW/385 mW/330 mW (max) 
SIANGbY MOUS y.040 Sy hs oa0e oe aweantcwwa wa weed oe kee dee dats 11 mW (max) 


e Fast Page Mode Capability 
e Long Refresh Period 
4,096 Refresh Cycles. ..2.0c0.ssw teeters ade ea garda e ek Coen (256 ms) 
e 3 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e Battery Back Up Operation 





@ ORDERING INFORMATION m@ PIN OUT 
Part No. Package 
te mi 
HM5116400LJ-8 
HMS5116400LJ-10 oon) 
ar esa 
HM5116400LZ-8 
HMS5116400LZ-10 a 
m@ PIN DESCRIPTION 
Pin Name Function 
Ag-A44 Address Input 
Ao-Aj1 Refresh Address Input 
I/O9-1/04 Data-input/Data-output 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
OE Output Enable 
Vcc Power Supply ( + 5V) (Top View) 
Vss Ground 
NC No Connection 
© HITACHI 





Product Preview 


HMS5116400LJ Series 


3DCP24D 


(CP-24D) 


3DCP28D 


3DZP24 


0103-2 


(Bottom View) 
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HM5116400L Series 
@ BLOCK DIAGRAM 


610 


Control 
Circuit 


Control 
Circuit 


256k memory cell array 


Sense amp_& 1/0 bu 
256k memory cell array 
256k memory cell array 


Sense amp & VO bus 


256k memory cell array 


Sense amp. & V/O bu 
256k memory cell array 


256k memory cell array 
256k memory cell array 


| Sense amp 2VObus 
256k memory cell array 
256k memory ceil array 


| Sense amp. 8 YO bus 
256k memory ceil array 
256k memory cell array 


256k memory cell array 


Column decoder & driver 


256k memory cell array 
| Sense amp. 80 bus 
256k memory cell array 


256k memory cell array 
Sense amp & /O by 
256k memory cell array 


256k memory cell array 
|__Sense amp BVO bys 


256k memory ceil array 
256k memory cell array 


Sense amp _& I/O bus 
256k memory cell array 
256k memory cell array 


Sense amp & 1/0 bus 


| Sense amp. 2 VO bys | 
256k memory cell array 


256k memory cell array 
Sense amp & V/O0 bus 


Column address buffer 


».& VU 
° 
ano & VU 





Row 
decoder 


& 


driver 


Row 
decoder 


& 


driver 





WE OE 
Control Control 
Circuit Circuit 













256k memory cell array 
Sense amp & I/O bus 

256k memory cell array 
Sense amp & I/0 bus 

256k memory ceil array 


256k memory cell array 


256k memory cell array 
256k memory cell array 


Sense amp. & I/O bus 
256k memory cell array 


256k memory cell array 
Sense amp. & 1/0 bus 
256k memory cell array 
256k memory cell array 
Sense amp. & 1/0 bus 
256k memory cell array 
256k memory cell array 


Sense amp. & 1/0 bus 
256k memory cell array 


256k memory cell array 


nse amp. & VO bu 
256k memory cell array 


Column decoder & driver 
256k memory cell array 
° OD 


256k memory cell array 
Sense amp _ & I/O bus 
256k memory cell array 


256k memory cell array 
256k memory cell array 


256k memory cell array 
ense amp & 1/0 bus 


256k memory cell array 
Sense amp & 1/0 bus 
256k memory cell array 
256k memory ceil array 
256k memory cell array 
256k memory cell array 


Sense amp. & 1/0 bus 
256k memory cell array 





Row address buffer 





A0-A9 


Address A0-A11 


A0-Ai1 
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1/0 buffer 


V/O buffer 


/O buffer 


VO buffer 


+> 


/O4 


VO3 


VO2 


701 
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HM5116400L Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
Voltage on Any Pin Relative to Vsg PVE —10to +7.0 V 


| Value 

| = 10t0 +70 | 
Supply Voltage Relative to Vss eee ee V 
Short Circuit Output Current ca mA 
Power Dissipation es ee WwW 
Operating Temperature ad 
Storage Temperature °C 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


Input Low Voltage VIL a ee ee ae 


Note: 1. All voltage referenced to Vgs. 
e DC Electrical Characteristics (Ty, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


HMS5116400-6 HMS5116400-7 | HM5116400-8 
Min [Max 


Parameter Symbo 


Operating Current CCI 


TTL Interface 
RAS, CAS = Vi 
Dout = High-Z 


CMOS Interface, RAS, 
CAS and WE > 

Voc — 0.2V or s 6.5V 
Address and 

Din = stable 
Dout —_ High-Z 


as 
He 
= 
ei: 
th 










Standby Current Icc2 


S 


RAS Only Refresh Current | Icc3 
Standby Current Ices 
CAS Before RAS Refresh 


Current 


Fast Page Mode Current |Icc7 









Standby: 
CMOS Interface 


Battery Back Up CBR Refresh: 

Operating Current trc = 62.5 ps 5 
(Standby with Icc10 a0 sd Mt tRAS < lps 

CBR Refresh) Address and 


Din = Stable 
Dout — High-Z 


a mt 
a" 


| 
— 
oS 
ol|x< Ww ~] ~ w ai 


Input Leakage Current nr | 
OV < Vout S 7V 


Dout = Disable 
eal 
eal 


I 
— 
So 


Output Leakage Current |Izo 


NS = 
= 


aN 
ce 5 
to 
uN 


Output High Voltage V | High Ione = —SmA 
Output Low Voltage Aloaes | o | 04 | V_ | Low Ipyt = 4.2mA 


Notes: 1. Icc depends on ee load condition when the device is selected, Icc¢ max is specified at the output open condition. 
Address can be changed once or less while RAS = Vyr. 

. Address can be changed once or less while CAS = Vyq. 

. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 

. Voc — 0.2V < Vip S 6.5V, OV < Voy Ss 0.2V. 


Mm WN 
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HM5116400L Series 
e Capacitance (Ta, = 25°C, Vcc = 5V 410%) 


Input Capacitance (Address) ie -e ee 
Output Capacitance (Data-in, Data-out) eo ee re 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyq to disable Doyt. 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)! 2, 3, 19, 20 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


| 
Parameter Symbol a aia a Unit | Note 
Random Read or Write Cycle Time |tpc | 110 | — | 130 | — | 150 | — | 180 | — | os | 
Read Cycle 
Min Min Min | Max | Min | Max 
Access Time from Address lta | — | 30 | — | 35 | — | oo | — | 43 | 10, 12, 21 
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HM5116400L Series 


Write Cycle 
Ries lan 


Read-Modify-Write Cycle 


HMS5116400-6 HMS5116400-7 HM5116400-8 HM5116400-10 
Unit | Note 


— 
nN 


[HMS116400-6 


Refresh Cycle 


5 , ees | HM5116400-6 | HM5116400-7 HMS116400-8 | HM5116400-10__| apace 
arameter mbo ni ote 
CAS Setup Time 

cmamaosy je | * | ~ |» | - | @ | -| » | - | 
CAS Hold Time 

WE Setup Time 

cmney [se | | - | | - | » | -| @ | - | 
WE Hold Time 

anncreneys fem | | ~ | | - |e | - [oo | [ow 
RAS Precharge toCASHoldTime | trpc | 0 | — | o | — | o | ~{ © | = | ws 


Fast Page Mode Cycle 


in [Max [Min [Mas 
Fast Page Mode Cycle Time Cee tear Sees 
Fast Page Mode RAS Pulse Width ‘trasp | — | 100000{ — | 100000| — | 
Access Time from CAS Precharge itepa | = ps oe 
a oe ee 
ae 


Unit | Note 


<= 


S s 
a 


ns 


a 
ed 
= 


18, 21 


— 
—~ 


45 50 
feed 
Cats 
WE Delay Time from CAS Precharge 63 ss 70 


Se) 
RAS Hold Time from CAS Precharge 40 ee a 


Fast Page Mode Read-Modify-Write Cycle 


HM5116400-6 
Symbol 
Min 


| Min | Max _| 
foe ® | — 














HM5116400-7 HMS5116400-8 HM5116400-10 
=| Min 


Ps f= po 






Parameter 






Fast Page Mode Read-Modify- 
Write Cycle Time 
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HM5116400L Series 
Test Mode Cycle 



















| 
ws | wo {| — [| wo | — | © | — 
Pw | o | — [| wo [ — | 3 









‘ ‘ ee HMS116400-6 HMS5116400-7 HM5116400-8 HMS5116400-10 ie 

arameter mbo ni 
ymbol Min [Max _|_Min_[ Max | Min Mi 

CAS Precharge Time in 

Counter Test Cycle a es — = 


Notes: 1. AC measurements assume tr = 5 ns. 

2. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS only refresh or CAS before RAS refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

. Only row address is indispensable on address A10 and All. 

4. Operation with the trop (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only; 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 

5. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only; 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

6. Either topp or Tcpp must be satisfied. 

7. Either tpzo or Tpzc must be satisfied. 

8. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyyy (min) and Vj; (max). 

9. Assumes that trcp < trcp (max) and trap < trap (max). If tpcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

10. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

11. Assumes that trcp 2 trcp (max) and trap S trap (max). 

12. Assumes that tpcp < trcp (max) and trap 2 trap (max). 

13. Either trcy or trry must be satisfied for a read cycle. 

14. topr (max) and topz (max) define the time at which the outputs achieve the open circuit condition and are not referenced 
to output voltage levels. 

15. twcs, tnwp, tcwp, tawp and tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only; if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min), 
or tcwp 2 tcwp (min), tawp 2 tawp (min) and tcpw 2 tcpw (min) the cycle is a read-modify-write and the data 
output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

16. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

17. trasp defines RAS pulse width in fast page mode cycles. 

18. Access time is determined by the longer of ta, or tcac or tcpa. 

19. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

20. Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses — CAO and 
CA1. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of four test bits on 
each I/O accord with each other, the state of the output data on the I/O is high level. When the state of four test bits on 
the I/O do not accord with each other, the state of the output data on the I/O is low level. Data input and output pins are 
I/O-1 to I/O-4. If any refresh cycle is occurred, the test mode is reset. 

21. In a test mode read cycle, the value of trac, taa, tcac and tcp, is delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 





we 
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e Read Cycle 





Pt 
=| 
~B-L _— 


Y 


mo ~ 
* Wl g! 


- meal q 








oleae 


€ HITACHI 
¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « 


0103-4 


¢ Early Write Cycle 


mss. 


" Wl 





38) |__tou_ 


” Ul" _ Slit 


OPEN** 


0103-5 


- 









OED 





- AES ce - 


‘a 


tos| |_ tox 


re TT 
az 


0103-6 


e Read-Modify-Write Cycle 


Address 





otk 


J 


+ 


pan 









« Wf =, ae 
» Wf = > —_ 
= mami I — 
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HM5116400L Series 
¢ RAS Only Refresh Cycle 





* Ee ‘Don't c 


"ZZ - Don't c 


ae address : AQ - ee RA11) 
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<> 
v, 
, 

4 


torr 
OPEN 
Dout 
* OE : Don't care 
ae Y Ya : Don't care 
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HM5116400L Series 


¢ Hidden Refresh Cycle 


ee ae ee ae 


RAS | 
CAS ime 


teal 


i re 


i toeD 


teac te 
taa ge 
trac 
teuz 


Dout ) 


> 
rom 
ro™ 


a) 
ak al 


bps 


- 


5 


t 
CcDdO 


Wy 





if 












- 


Ss) 
BLS 


. Wy : Don't care 


010 
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HM5116400L Series 
e Fast Page Mode Read Cycle 


RAS 
t 













EL. 


SN 


7 


4 
U 


QX“ 






WH) 
tcoo 





Uy OPEN I __¥Y 
Te ton 
ae toHo 






p pb y 
™ : Don't care 
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¢ Fast Page Mode Early Write Cycle 


t 


miata 





twcs 
——e- 


twou 


* OE :Don't care 


mn : Don't care 
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HM5116400L Series 


e Fast Page Mode Delayed Write Cycle 





P rd 7 2 . AMP 
a cr 
| , aera! 
Sa SS 
SS 


—_— 


=] 


s ra) 
AE, ie i Eee 2 ee 
Eee ESS B 
w) =< x 





Ta 
ZINN 
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HM5116400L Series 
e Fast Page Mode Read-Modify-Write Cycle 


trasp 












CAS 








| 
| 


{ 


He, He 








E trwo cw li tcpw tcpw 
i F tawo straw 
i eof] | ovo, town, 





“Ts 
Y AI 


ta 


toeH eae 


A 
Dout ae 


* : Don't care 
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7 oa |r 
CS 
-— 


Dout YY YP OPEN 
Wf; : : Don't care 
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¢ Test Mode Reset Cycle 
CAS Before RAS Refresh Counter Cycle 






__ a roan 


Dout yy 
MU 





“5 Z 


nie eri errmenae 


Wi, 


* Refresh address AO —-A11 (RAOQ-RA11) 
ies Uy : Don’t care 
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HM5116400L Series 
¢ CAS Before RAS Refresh Counter Check Cycle (Read) 


— I 
-_ 





i" ed ata a 


> 
Q 
a. 


7 


= 


<tcDd_.. 





_ Tk 





* mm: i, = 


WHA byt on 
' WH a: 


0103-19 
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jill = mie Uli 
-— Ti 


——_ he 


Dout YW. 
MMMM. 
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Section 3 
High Speed BiCMOS 


Dynamic RAM 


@) HITACHI* 
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HM571000 Series 


1,048,576-Word x 1-Bit High Speed Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM571000 is a super high speed dynamic RAM organized 
1,048,576-word x 1-bit. HM571000 have realized higher density, higher performance 
and various functions by employing 1.3 4m Bi-CMOS technology and some new Bi- 
CMOS circuit design technologies. The HM571000 offers 8 bits static column mode 
as a high speed access mode. 


@ FEATURES 


e Single 
5V (+10%) for HM571000JP/ZP-40/45 
5V (+5%) for HM571000JP/ZP-35R 


¢ High Speed 

ACCESS TIME 444.08 tapas eiwbteuesedaewiees 35 ns/40 ns/45 ns (max) 
#512 Retires CvClOS: axis acacia: Bacns nese wanes ae eae ee Seaman (4 ms) 
e 2 Variations of Refresh 

CE Refresh 


Automatic Refresh 
e 8 Bits Static Column Mode 


@ ORDERING INFORMATION m@ PIN OUT 


Access Time 


35 ns 
40 ns 
45 ns 


35 ns 






Package 


300 mil 28-pin 
Plastic SOJ 
(CP-28DN) 
400 mil 28-pin 
Plastic ZIP 

(ZP-28) 








HM571000JP-35R 
HM571000JP-40 
HM571000JP-45 


HM571000ZP-35"! 
HM571000ZP-40"! 40 ns 
HM571000ZP-45"! 45 ns 


Note: *1. ZIP type products are preliminary. 
@ PIN DESCRIPTION 






















Pin Name Function 

Ag-Ag Address Input for 
CE Refresh 

Ag-A46 Address Input 

Aj7-Aj9 Address Input for 
Static Column Mode 

CE Chip Enable 

OE Output Enable 

WE Read/Write Enable 

Din Data-in 

Dout Data-out 

RF Refresh Control 

Vcc Power (+ 5V) 

Vss Ground 
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HM571000JP Series 


HM571000JP Series 


3DCP28DN 


(CP-28DN) 


HM571000ZP Series 


3DZP28 


Al6 
Al4 
Al2 
Al10 


0080-2 


(Bottom View) 
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HM571000 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
—10to + 7.0 V 


—1.0to + 7.0 V 


Voltage on Any Pin Relative to Vss V 


ar 


= ‘o) 
ee 
fan) 

B 
> 


Supply Voltage Relative to Vss 
Short Circuit Output Current 


< 
Q 


~ 


Power Dissipation 
Oto +70 ‘ & 
— 55 to + 125 =¢ 


Operating Temperature 


Storage Temperature 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Parameter Symbol 
Supply Voltage Vcc 4.75 


Input High Voltage I 


Typ Max Unit Note 
525 
5.50 


< 
se 
I frmol> 
=—j]a1S 
= —) 


wn 
Oo 
oo 
wn 


1,3 
1,2. 


Input Low Voltage VIL 


Notes: 1. All voltage referenced to Vss. 
2. The device will withstand undershoots to the —2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
Figure 1.) 


20 ns (max) 





—_ Figure 1. Undershoot of Input Voltage 
3. The Vyyq level of OE shall be lower than Vcc + 0.5V. 


e DC Electrical Characteristics (T, = 0 to + 70°C, Vss = OV) 
(Voc = 5V £10% for HM571000JP-40/45) 
(Vcc = 5V +5% for HM571000JP-35R) 


A ; ere HM571000-35R HMS571000-40 HM571000-45 aaa tame Nas 
arameter mbo ni est Conditions ote 
Normal Operating Current See Figure 2 fmA{ ssid 1 
Input Leakage Current OV < Vin < 7V 


oy < Vout < 7V, 


Notes: 1. Icc depends on ae loading condition when the device is selected, Icc max is aaa at the output open condition. 
2. The Vyn level of OE that is IL] test condition of OE must be lower than Voc + 0.5V. 
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HM571000 Series 


on 
< 
E 
— 
ee 
rr) 
2 
< 
pr) 
S 


Tcycle (ns) 





Figure 2. Icca, Iccr Vs Toycle 


e Capacitance (T, = 25°C) 
(Voc = 5V +10% for HM571000JP-40/45) 
(Vcc = 5V + 5% for HM571000JP-35R) 


[Adres Dain | Gu | — | _s 
[cock WERF) | Gm | | 7 
Output Capacitance Co ee 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = Vy, to disable Doyt. 


e AC CHARACTERISTICS 1 (Ta = 0 to +70°C, Vsg = OV) 
(Veo = 5V +10% for HM571000JP/40/45) 
(Voo = 5V +5% for HM571000JP/35R) 





I 


Test Conditions 
Input Pulse Levels: Viy = 3.0V, Vip = OV 
Transition Time: tr = 3 ns 
Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 3.) 
Output Timing Reference Levels: High = 2.4V, Low = 0.4V 
Output Load: See Figure 4. 


50pF” 
T (SpF™ for tyz, tyz, twz) 


* Including scop & jig 


0080-6 





Figure 3. Input Pulse Figure 4. Output Load 
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HM571000 Series 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM571000-35R HM571000-40 HM571000-45 Unit 
ni 
Min | Max _| | Max | 


Parameter Symbol 


Max Max Min Max 
Transition Time (Rise and Fall) tT a ee ae ee 1 F 10 
ae ee ed 


Refresh Period tREF Loe 


Read Cycle 

ee ee 
a ee 
foams [wom | 3 | — | 3 | ~ | 3 | - |= 
Write Cycle 

[Min [Max | Min | Max | Min [Max 

Semi [ee [= [oe [| | Te Te 
Output in High-Z 
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Note 


Note 


Note 


HM571000 Series 


Read-Modify-Write Cycle 












: ; ce HM571000-35R HM571000-40 
arameter ymoo. 
WE Delay Time from CE | 40 | 


Refresh Cycle 


HM571000-35R HM571000-40 HM571000-45 
Parameter Symbol 


| Min | Max 
RF Setup Time 
RF Hold Time 
Mode Selection Setup Time | tws | 0 | 
Mode Selection Hold Time | ty 
Setup Time on CE Refresh 


Unit Note 


5 
15 
20 

0 


| Min | Max | Min | Max 
ae ee ae a 
a ee a ee 
be ee ee 
ae a ee ae 
a foes 


Parameter Unit Note 


HM571000-35R HM571000-40 HM571000-45 
Symbol 
Static Column Address t 0 
Setup Time ASZ 


win [Max | Min 
cieaey 

Address Setup Time to WE | tws | 0 | pF — | o 
Address Hold Time from WE twR kn Oe 4) | — [| o | 


Notes: 1. If tops > tops (min) and OE is held at low level, Doyt will be valid until the next negative transition of CE. 

. Both twy and twp must be satisified for a delayed write cycle. 

. If tcop < tcop (min), Doy, cannot be guaranteed to be in high impedance. 

. If the negative transition of OE occurs before that of CE, tz is controlled by CE. 

. twp and tpw are specified by the positive transition of CE or WE whichever occurs earlier. 

. When WE goes low, Doy; becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, Doyt is controlled by CE. twz, defines the time at which the output achieves the open 
circuit condition. 

. If tes > tps (min), the cycle is early write and Doy; is in high impedance. 

. In static column mode cycles, read operation cannot be performed after write operation. 

. Both tay and twRr must be satisified for a write cycle. 

10. tyyz, defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 100 uS is required after power-up, then execute at least eight CE refresh cycles. 

12. In static column mode cycle, there must not be any invalid address inputs for static column mode (A;7—Aj9) which are less 

than taa. 


Nm BW nN 





ao ~~ 


\O 


@ HITACHI 
Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 637 


HM571000 Series 
@ TIMING WAVEFORMS 
¢ Read/Read Cycle 


tcc 


a i ima eee ERTL LLLLLL 
wn ai6 XX KX eS XX 
ef IS 


CAS : 
— 


_ 
ae i SR 000 


e- ae ale ru 


* Din: Don't care 


a V7 7A: Don't care 
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HM571000 Series 
¢ Read/Early Write Cycle 
ccc tcc 


= 
{i | . 
TFA lak UU aR ey AZ 
10 eee XY a XXX 
eo fee 


tRS eae 


he ee 


: mopar ho 





tHZ*10 


Ddut- = Loh-Z My High-Z a 
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HM571000 Series 
e Read/Delayed Write Cycle 


tcc tCC 


» Tile SRUTIIE ah 
pe Nt ack 
me oe oe AKA 


i a ran _| Hq ws 
AI7 - oo i bons \/ Lite UV /\ SV 
A19 /\/\ C KX KX XX XX) /\ 
ane aE Bree 


BEC 


| 
7 TET TTR KLE 


Dout XX 


XX 
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HM571000 Series 
e Read/Read Cycle (OE = Vi) 


= 
"TAA RIT RUT TTITTL 
Oe AR 
bo a 


tas iT tau | ; 


; cas sa 
ee OO KKK 


_ ae - 
5 tm 


High-Z (YY vy 





x Din, Don't care 


ak V/A: Don't care 
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HM571000 Series 
e Read/Early Write Cycle (OE = Vj.) 


tcc tcc 


| 
aie a me: 1K / 
ant m4 xy YK OOK 
at 1 i 


tAS 


ee.4. Tt —— ie KK 


ru 
a Sa | pa 
: » TALLER XE 


_= aa ae 
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HM571000 Series 


7, tine 


e Read/Delayed Write Cycle (OE = Vj) 


tFS 


ct) ee 
= re 


hs 2 MA XA 





a = 
= (TTT TXT TTT 
= gf oa ON 
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HM571000 Series 
¢ Read-Modify-Write Cycle 


cE [eccP 5 


- 
e TReZ777 “ZZ 
| 
a: x X 
os 
OD 
re! 


tDH 


z = IITA 
Di SA XXXXKXXXX 


Dour High-Z A/\/\7 = High-Z 
Wy tHZ +10 


. VTL] : Don't care 
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HM571000 Series 
e Automatic Refresh Cycle 


At er TTT 
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XARA 
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HM571000 Series 
e CE Refresh 


tcc 
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aE © a LVL LLLLLL. 
Si KM ait; a XXX 
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ae 
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HM571000 Series 
e Static Column Mode Read Cycle 
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HM571000 Series 
¢ Static Column Mode Read Cycle (OE = Vj) 
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CE 
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AO - 
A16 
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HM571000 Series 


e Static Column Mode Write Cycle “8 (1st Cycle = Early Write Cycle) 
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HM571000 Series 
¢ Static Column Mode Write Cycle “8 (1st Cycle = Delayed Write Cycle) 
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HM574256 Series 


262,144-Word x 4-Bit High Speed Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM574256 is a super high speed dynamic RAM organized 
262,144-word x 4-bit. HM574256 has realized higher density, higher performance 
and various functions by employing 1.3 wm Bi-CMOS technology and some new 
Bi-CMOS circuit design technologies. The HM574256 offers 2-bit static column 
mode as a high speed access mode. 


™@ FEATURES 


e Single 
5V (+10%) for HM574256JP/ZP-40/45 
5V (+5%) for HM574256JP/ZP-35R 

¢ High Speed 
Access Time 

e 512 Refresh Cycles 

e 2 Variations of Refresh 
CE Refresh 
Automatic Refresh 

¢ 2 Bits Static Column Mode 


@ ORDERING INFORMATION 










HM574256JP-35R 35 ns 300 mil 28-pin 
HMS574256JP-40 40 ns Plastic SOJ 
HM574256JP-45 45 ns (CP-28DN) 











HM574256ZP-35R 
HM574256ZP-40 40 ns Plastic ZIP 
HM574256ZP-45 45 ns (ZP-28) 


Note: 1. ZIP type products are preliminary. 
@ PIN DESCRIPTION 


35 ns 






400 mil 28-pin 


Pin Name Function 
Ao-Ag Address Input for CE Refresh 
Ag—A16 Address Input 
Aq7 Address Input for Static Column Mode 
CE Chip Enable 
OE Output Enable (Top View) 
WE Read/Write Enable 
I/Oo9-1/04 Data-in/Data-out 
RF Refresh Control 
Vcc Power ( + 5V) 
Vss Ground 
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HM574256JP Series 


3DCP28DN 


(CP-28DN) 
HM574256ZP Series 


3DZP28 





(ZP-28) 


Al7 
A18& 
Alg9 


Dout 





0082-1 


(Bottom View) 
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HM574256 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
— 1.0to +7.0 V 


—1.0to +7.0 Vv 


< 


OQ 
S 
B 
> 


Voltage on Any Pin Relative to Vss T 
Supply Voltage Relative to Vss 


Short Circuit Output Current 


Power Dissipation P W 
Operating Temperature Topr Oto +70 i @ 
Storage Temperature Tstg —55to + 125 °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Input High Voltage 
Le 


Input Low Voltage 


= 
F 


Notes: 1. All voltage referenced to Vsg. 
2. The device will withstand undershoots to the — 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
Figure 1.) 


20 ns (max) 





een, Figure 1. Undershoot of Input Voltage 
3. The Vyyy level of OE shall be lower than Vcc + 0.5V. 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Vsg = OV) 
(Voc = 5V +10% for HM5474256JP-40/45) 
(Vcc = 5V +10% for HM5474256JP-35R) 


ieaicee — se 
Input Leakage Current 0 2 
pA 


rin | 0 | wo | -0 | 0 | -0 | 0 
out = Disable 
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——_— —————._ HM574256 Series 


Test Conditions 


V High I, = —4mA 
Low Ionut = 8mA 


Notes: 1. Ic¢c depends on aie loading condition when the device is selected, Icc max is eer at the output open condition. 
2. The Vin level of OE that is I, test condition of OE must be lower than Vcc + 0.5V. 


e DC Electrical Characteristics (Ta, = 0 to + 70°C, Vss = OV) 
(Vcc = 5V +10% for HM5474256JP-40/45) 
(Vcc = 5V +10% for HM5474256JP-35R) (continued) 







Parameter 










Output High Voltage 






Output Low Voltage 


ae ee 
Ce ers 
PPT TT ETT cece 


J RR SE CR PN Es OP 
ceeay ae WS SB Gh eee ee 


ieee (ns) 





Figure 2. Icca, Iccr vs Teycle 


¢ Capacitance (Ta = 25°C) 
(Vcc = 5V +5% for HM5474256JP-40/45) 
(Vcc = 5V +5% for HM5474256JP-35R) 


inal Daten 7 ay 
ek WE | Gs 
Output Capacitance (Data-in, ae ee ee ee Ce > 1,2 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = Vjq to disable Doyt- 


e AC Characteristics (T, = 0 to + 70°C, Vss = OV)! 
(Voc = 5V +10% for HM5474256JP-40/45) 
(Voc = 5V +10% for HM5474256JP-35R) 


Test Conditions 


Input pulse levels: Vij = 3.0V, Vit = OV 

Transition time: tr = 3 ns 

Input timing reference levels: High = 2.4V, Low = 0.8V (See Figure 3.) 
Output timing reference levels: High = 2.4V, Low = 0.4V 

Output load: See Figure 4. 


ty=3ns ty=3ns 


VIH=3 .0V 





” SOpF 
Figure 3. Input Pulse al (SpF* for tyz, tyz, twz) 





*Including scope & jig 
Figure 4. Output Load 
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HM574256 Series 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


| Min | | Max | | Min =| Max | Min | Max | 

Read Cycle 
| Min | Max | Min | Max | | Min | | Max | 

Write Cycie 
| Min | | Max | Min | ax | Min | | Max | 
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Note 


Note 


Note 


HM574256 Series 


SNe HM574256-35R HM574256-40 HM574256-45 
| Min | | Min | 


Read-Modify-Write Cycle 










Parameter Unit 





WE Delay Time from CE 


Refresh Cycle 


HM574256-35R HM574256-40 HM5S574256-45 
Parameter Symbol M 
ax 


RF Setup Time 
RF Hold Time 


Mode Selection Hold Time 
Setup Time on CE Refresh 


Unit Note 


Unit Note 


HM574256-35R HM574256-40 HM574256-45 
Parameter Symbol 


in [Max | 
Ga eel Da 


Address Hold Time from WE twR 


Notes: 1. If tops > togs (min) and OE is held at low level, Doyt will be valid until the next negative transition of CE. 

. Both twy and twp must be satisfied for a delayed write cycle. 

. If tcop < tcop (min), Doyt cannot be guaranteed to be in high impedance. 

. If the negative transition of OE occurs before that of CE, E, tz is controlled by CE. 

. twp and tpw are specified by the positive transition of CE or WE whichever occurs earlier. 

. When WE goes low, Doy; becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, Do; is controlled by CE. twz defines the time at which the output achieves the open 
circuit condition. 

. If tes > tgs (min), the cycle is early write and Do, is in high impedance. 

. In static column mode cycles, read operation cannot be performed after write operation. 

9. Both tay and twR must be satisfied for a write cycle. 

10. tzyz defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 100 ps is required after power-up, then execute at least eight CE refresh cycles. 

12. During I/O pins are in the output state, Data-in shall not be applied to I/O pins. So, in all write cycles (early write, delayed 

write and read-modify-write), OE must go to high level to disable the output buffer prior to applying data to the device. 

13. In static column mode cycle, there must not be any invalid address inputs for static column mode (A17) which are less than 


taa- 


Non & W NY 





o —l 
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HM574256 Series 


@ TIMING WAVEFORMS 
e Read/Read Cycle 


tcc 


a tCE rae” wes tbs | ME Veen ee a 
eee ce Nef 
tt >a 


—— an A ee 


° TEN (TST =I 
5, foe 


EE 
2) ns |) Se 0 
a 


: Lisreediermiens 
EES 
ues (gy ates gy es 


OE 
D out 


* Din: Don't care 


ax V/A: Don't care 
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HM574256 Series 
¢ Read/Early Write Cycle 


ccc 


ee a 

// <a = 

“7 XXX _KXAKAAXX 
HB ON 


” WX 
eT 


OE //// [ve / 
in — 
Din 


tHZ*10 


| fepce 4 


=) 
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HM574256 Series 
¢ Read/Delayed Write Cycle 


— ae 
= 7h col RZ AER 
| Ti. pe mapa in rg \\ 
sO KXXXMAXX 
veo] [fl 
47 oy —— ae 


tOAc tOEd 


= TTT rah BAe 
= cODD* 12 - rasa 
_ el mee AL 


pout Ele (ie. —— oe 
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HM574256 Series 
¢ Read/Read Cycle (OE = Vj) 


Seana. ee oo 
tCcP 
eae em 


# Lh (cla (ee 
x a 


rE 
Se 0000 
Faccoemsiad 


tRS 


IL 


a 
xt __ Ay 6 


* Din: Don't care 


tees V7 7A: Don't care 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 659 


HM574256 Series 
¢ Read-Modify-Write Cycle 


tCP 


aime eal 
XXX hp aa “ 
xt 18 KX) 

- A= ai 


tWZ*6 


High-Z oes { } High-Z 
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HM574256 Series 
e Automatic Refresh Cycle 


tcc 


We tCE tCE 
[cores 2 nee 
tFS tFS 


TIN EV TZTTTTTDN eV TTT 


KOA KAKA 


[LN |leenXCZLLLLLL/) || es KZL/L/LL/ 


High-Z 


* AO - Al7: Don't care 
xk OE, Din : Don't care 


wick Vif : Don't care 
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HM574256 Series 
e CE Refresh 


662 
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HM574256 Series 
¢ Static Column Mode Read Cycle 


tCP 


an 
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bad 
ja roe 
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HM574256 Series 


¢ Static Column Mode Read Cycle (OE = Vi,) 


= i 
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HM574256 Series 
e Static Column Mode Write Cycle8 (ist Cycle = Early Write Cycle) 


| ace 
of = 


x TE OXY 
xy — OX 


as auuee = cuR™ 
sam, 
a Ee Le ILLLLL LLL LL 


tODD*12 


a a a 
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HM574256 Series 


e Static Column Mode Write Cycle® (1st Cycle = Delayed Write Cycle) 
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HM574100 Series —_________ Preliminary 


4,194,304-Word x 1-Bit High Speed Dynamic Random Access Memory 


™@ DESCRIPTION HM574100JP Series 


The Hitachi HM574100 is a super high speed dynamic RAM organized 
4,194,304-word x 1-bit. HM574100 has realized higher density, higher performance 
and various functions by employing 0.8 wm Bi-CMOS technology and some new Bi- 
CMOS circuit design technologies. The HM574100 offers 8 bit static column mode 
as a high speed access mode. 


m@ FEATURES 


e Single 5V (+10%) 3DCP32D 
¢ High Speed (CP-32D) 

AGCOSS TMS: ve tacae ars wa tindinin weedeat aadawadd 35 ns/40 ns/45 ns (max) 
¢ 2,048 Refresh Cycles. ........ ccc ccc cece cee ener e et et rece ceeseecs (16 ms) m@ PIN OUT 
e 

sae A ae HM5741005P Series 

Automatic Refresh 

¢ 8 Bits Static Column Mode 


M@ ORDERING INFORMATION 


Access Time 


35 ns 
40 ns 
45 ns 















Package 
300 mil 32-pin 
Plastic SOJ 

(CP-32D) 


HM574100JP-35 
HM574100JP-40 
HM574100JP-45 












m@ PIN DESCRIPTION 





Pin Name Function 
Ag-A10 Address Input 
for CE Refresh 
Aj1—-A1g Address Input 
Ai9—-A21 Address Input for 
Static Column Mode 
CE Chip Enable 
OE Output Enable 
WE Read/Write Enable 
Din Data-in (Top View) 
Dout Data-out 
RF Refresh Control 
Vcc Power (+ 5V) 
Vss Ground 
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HM574100 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
—1.0to +7.0 V 


—10to +7.0 V 


Voltage on Any Pin Relative to Vss V 


= 


fo} 
B 
> 


Supply Voltage Relative to Vss 
Short Circuit Output Current 


< 
Q 


~~ 


Power Dissipation 
Oto +70 7c 
— 55to +125 °C 


Operating Temperature opr 


Storage Temperature 


— 
a 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Notes: 1. All voltage referenced to Vss. 
2. The device will withstand undershoots to the — 2.0V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
Figure 1.) 


-1.0 V 
“1.5 V 
-2.0 V 


20 ns (max) 





Figure 1. Undershoot of Input Voltage 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V 410%, Vsg = OV) 


; ae HM574100-35 HM574100-40 HMS574100-45 Unit 
arameter mbo ni 


Normal Operating Current | Icca | TBD | TBD | TBD | TBD | TBD | TBD 


om 
rae 


Test Conditions Note 


—_ 


— 


Standby Current 


_ = OV < Vout <7V 


Output High Voltage Vou Voc Voc Voc High Tout = —4mA 


Note: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 


e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Parameter Symbol | Typ | Max Unit Note 
Input Capacitance Address, Data-in ee ee 
[ck | Gm Cd] | 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = Vjyqx to disable Doyt. 


A 
< 
A 
~ 
< 


; 
co IU 


; 
Ss 
ws 
a 


2 
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HM574100 Series 
e AC CHARACTERISTICS! (Ty = 0 to + 70°C, Voc = 5V £10%, Vgg = OV) 


e Test Conditions 


Input Pulse Levels: Vj, = 3.0V, Vii = OV 
Transition Time: tr = 3 ns 
Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 2.) 
Output Timing Reference Levels: High = 2.4V, Low = 0.4V 
Output Load: See Figure 3. 


S0pF* 
(SpF* for tyz, tLz» twz) 


0079-4 


*Including scope & jig 





Figure 2. Input Pulse Figure 3. Output Load 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM574100-35 HM574100-40 HM574100-45 





nial ed ae a aie 

Read/WriteCycleTime | toc | 70 =| = | | | mos 
CE Pulse Width ftce | 35 | sooo | | so00 || as | 5000 | s_ 
CE Precharge Time Lc Sa a ea Se ee ee ee 
Address Setup Time fae Oh ee Oe 0 ee 
Address Hold Time ae ee ee ee ee ee re 
Transition Time (Riseand Fall) | tr | ot | to | at | to] tts 
Refresh Period eae ee ee ee ee ee 
Read Cycle 

Access Time from CE Ae ee A A ee 
Address Access Time een ee (ct ee ed es 
Access Time from OE tone | es es a 
Setup Time on Read ae ae ee ee ee ee ee ee 
Hold Time on Read ce i ae ee ae a ee eS 
OE Setup Time a ee ee ee eee ee 
OEEnableto OutputinLowZ | uz | o | —~ | o | —~ | o | — | os | 
OE Disable to Output in High-Z ee ee ee 
Output Hold Time from Address | ton | 3 | — | 3 | -— | | — | ms | 
Output Hold Time from CE 2 A eS TA RO I 
CEtoOEPrechargeTime | _toop | 10 | — | 1 | ~ [ 0 | ~ | os 
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HM574100 Series 
Write Cycle 


ae 7? per 
Setup Time on Early Write tEs Pe oe eee Pe | — 
a ss 


Write Hold Time from CE 


WE Enable to twz 
Outupt in High-Z -- [fs | -[»™]-] 


Read-Modify-Write Cycle 






HM574100-35 HM574100-40 HM574100-45 






Parameter Symbol 
WE Delay Time from CE Sa eae 
Refresh Cycle 
ae be a 
Static Column Mode Cycle 
Penne a ae 


Min 
25 


Static Column Address 
Setup Time = 


M 
Address Setup Time to WE a a ae ee ee ae | | 
Address Hold TimefromWE | twe | 0 | — fo 


Notes: 1. If tops > tops (min) and OE is held at low level, Doyt will be valid until the next negative transition of CE. 

. Both twy and twp must be satisified for a delayed write cycle. 

. If tcop < tcop (min), Doy, cannot be guaranteed to be in high impedance. 

. If the negative transition of OE occurs before that of CE, tz is controlled by CE. 

. twp and tpw are specified by the positive transition of CE or WE whichever occurs earlier. 

. When WE goes low, Doyt becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, Doy; is controlled by CE. twz defines the time at which the output achieves the open 
circuit condition. 

. If tpg > tps (min), the cycle is early write and Doy; is in high impedance. 

. In static column mode cycles, read operation cannot be performed after write operation. 

. Both tay and twR must be satisified for a write cycle. 

10. tzzz defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 100 ps is required after power-up, then execute at least eight CE refresh cycles. 

12. In static column mode cycle, there must not be any invalid address inputs for static column mode (Aj9—Ay)}) are less than 


taA- 


Nn & W WN 


on 


\o 
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HM574100 Series 


@ TIMING WAVEFORMS 
¢ Read/Read Cycle 


Te 


es ee |e 
: RL SRL 
w: 2 a oe 
ai ape E 
1 ne 00050. 


| es 
00 
ee ee 
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Dout 


* Din : Don't care 


ee UZ: Don't care 
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HM574100 Series 
¢ Read/Early Write Cycle 


i top — top 
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HM574100 Series 
¢ Read/Delayed Write Cycle 


CE cr “ | = a 
* 7 1o: aon YY 
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HM574100 Series 
¢ Read/Read Cycle (OE = Vj) 
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HM574100 Series 
e Read/Early Write Cycle (OE = Vj) 
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HM574100 Series 
¢ Read/Delayed Write Cycle (OE = Vi) 
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HM574100 Series 


e Read-Modify-Write Cycle 
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HM574100 Series 
e Automatic Refresh Cycle 


eee 


“yee tee 
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¢ CE Refresh Cycle 
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HM574100 Series 
e Static Column Mode Read Cycle 
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HM574100 Series 
e Static Column Mode Read Cycle (OE = Vj) 


J 
I a 
A |. LLL LLL LLL 
2) Ce (1000000 


_ we — oc 


- ae en 


aie 4) a 000 X 


* Oin : Oon't care 
°° (7774: Oon't care 





© HITACHI 
680 Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HM574100 Series 


¢ Static Column Mode Write Cycle*8 (1st Cycle = Early Write Cycle) 
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HM574100 Series 
e Static Column Mode Write Cycle*8 (1st Cycle = Delayed Write Cycle) 
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HM574400 Series 


1,048,576-Word x 4-Bit High Speed Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM574400 is a super high speed dynamic RAM organized 
1,048,576-word x 4-bit. HM574400 has realized higher density, higher performance 
and various functions by employing 0.89 4m Bi-CMOS technology and some new 
Bi-CMOS circuit design technologies. The HM574400 offers 2-bit static column 
mode as a high speed access mode. 


M@ FEATURES 


e Single 5V (+10%) 
e High Speed 

ACCESS TIMOssehdduwes Ciel eres ented tol aes 35 ns/40 ns/45 ns (max) 
« 2048 Rotresh Cycles: 0.5. ive obs deie vebesddeeeceasuteiwede sedans (16 ms) 
e 2 Variations of Refresh 

CE Refresh 

Automatic Refresh 
e 2 Bits Static Column Mode 


M@ ORDERING INFORMATION 


Access Time 


35 ns 
40 ns 
45 ns 






Package 
300 mil 32-pin 
Plastic SOJ 

(CP-32D) 





HM574400JP-35 
HM574400JP-40 
HM5744003P-45 









m@ PIN DESCRIPTION 


Pin Name Function 
Ao-Aj0 Address Input for CE Refresh 
Ay1-Ajg Address Input 
Aig Address Input for Static Column Mode 
CE Chip Enable 
OE Output Enable 
WE Read/Write Enable 
I/0,-1/04 Data-in/Data-out 
RF Refresh Control 
Vcc Power (+ 5V) 

Vss Ground 


© HITACHI 





Preliminary 


HM574400JP Series 


3DCP32D 


(CP-32D) 


(Top View) 
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HM574400 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 

Voltage on Any Pin Relative to Vss Vv 

Supply Voltage Relative to Vss V 

Short Circuit Output Current or a mA 

Power Dissipation | Pp fis W 

Operating Temperature °C 
tw | sso 8 


Storage Temperature — 55to + 125 i & 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Min 
Supply Voltage 
Input High Voltage ; 


Input Low Voltage 


Plots 
—lpnla 
(o>) 

nN 
WG 
— 


. 


Notes: 1. All voltage referenced to Vss. 
2. The device will withstand undershoots to the — 2.0V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
Figure 1.) 


-1.0 V 
-1.5 Vv 
-2.0 V 


20 ns (max) 





Figure 1. Undershoot of Input Voltage 
¢ DC Electrical Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vssg = OV) 


. 
| TBD | TBD | TBD | TBD | TBD 


Parameter Symbol 


Normal Operating Current | Icca 


as 
Output Leakage Current ILo — 10 Ais Vout mine 
u 


Note: 1. Icc¢ depends on output loading condition when the device is selected, Icc max is specified at the output open condition. 
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HM574400 Series 
e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Parameter Symbol Typ | Max [Unit Note 
Input Capacitance Address, Data-in ee ee 

[dot | Gm dt 
Output Capacitance (Data-in, Data-out) a) ae ee 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = Vjyq to disable Doyt. 


e AC Characteristics! (T, = 0 to +70°C, Voc= 5V +10%, Vssg = OV) 
Test Conditions 


Input Pulse Levels: Viy = 3.0V, Vii = OV 

Transition Time: tr = 3 ns 

Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 2.) 
Output Timing Reference Levels: High = 2.4V, Low = 0.4V 

Output Load: See Figure 3. 


5V 
4802 
Do 
4 
2552 SOpF 
(SpF" for tyz, tLz, twz) 


0081-4 
*Including scope and jig 





Figure 2. Input Pulse Figure 3. Output Load 





Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


rere oe (Fee 
| Min | Max 

CE Precharge Time tcp | 29 fo 
Address Setup Time tas eS aa 
Address Hold Time a ee oe eee 


ww 
\o 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 685 


HM574400 Series 


Read Cycle 

| Min | Max | Min | | Max | | Min | Max | 
Write Cycle 

Min Max | Min | | Max | | Min | Max | 


Read-Modify-Write Cycie 












HM574400-35 


HMS574400-40 HMS574400-45 
Unit 






Parameter Symbol : Note 
[Max [Min | Max 
Refresh Cycle 
HM574400-35 HM574400-40 HM574400-45 
Parameter Symbol ME Unit Note 
ax 
RF Setup Time 
RF Hold Time 


Mode Selection Setup Time tms 


N 


— 


N 
oO 


i) 
Oo 


Mode Selection Hold Time tMH 


i=] 
o> 
a 


Nv 


Setup Time on CE Refresh tcrs 


Static Column Mode 


HM574400-35 HM574400-40 HMS574400-45 aad Not 
nl ote 


Parameter Symbol 


f 
Lo) 


Static Column Address Setup Time tasz 
Address Setup Time to WE 
Address Hold Time from WE twR 


o 
= 
”™ 
Lo] 
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HM574400 Series 

Notes: 1. If tops > tops (min) and OE is held at low level, Dou; will be valid until the next negative transition of CE. 

. Both twy and twp must be satisfied for a delayed write cycle. 

. If tcop < tcop (min), Do, cannot be guaranteed to be in high impedance. 

. If the negative transition of OE occurs before that of CE, ty.z is controlled by CE. 

. twp and tpw are specified by the positive transition of CE or WE whichever occurs earlier. 

. When WE goes low, Doyt becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, Do; is controlled by CE. twz defines the time at which the output achieves the open 
circuit condition. 

7. If tgs > tps(min), the cycle is early write and Doy; is in high impedance. 
8. In static column mode cycles, read operation cannot be performed after write operation. 
9. Both tay and twr must be satisfied for a write cycle. 

10. tyyz defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 100 js is required after power-up, then execute at least eight CE refresh cycles. 

12. During I/O pins are in the output state, Data-in shall not be applied to I/O pins. So, in all write cycles (early write, delayed 

write and read-modify-write), OE must go to high level to disable the output buffer prior to applying data to the device. 

13. In static column mode cycle, there must not be any invalid address inputs for static column mode (A19) which are less than 


taA- 


@ TIMING WAVEFORMS 
e Read/Read Cycle 





NRO & WN 


Pe RLLLLLLLL. 
a 00.005 





ve pl jr 
ta | 


ti" 


High -Z 
a Y 


e Din : Oon't care 


*e WA: Don't care 
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HM574400 Series 
e Read/Early Write Cycle 


a 
= [Rl X//7/ DRL LILI TIL. 
a! = on 
ae Cee 





® ZZ : Don't care 
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HM574400 Series 
e Read/Delayed Write Cycle 
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1“ ——= =A) Tk tok 
ee LL 
we A ee — MA AX 
pt 


i 
>) sit, OK 
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rom 
ee 7 ee 





* FF ° Don't care 
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HM574400 Series 
e Read/Read Cycle (OE = Vj) 


“ee 


Oooo + eae 
“CE 


7 ~ aae KAXAX 
ee 


0.000 
a 


. le poh 


A ( 


* Dina : Don't care 


** (777A : Don't care 
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HM574400 Series 
¢ Read-Modify-Write Cycle 


| 
>. ¢, Sn 0.0, 
oth Ly 


1 a 
a Smee 
a a a 


BA 


[\/\ 


rae RRR 





en) a se: 





* CA: Oon't care 


0081-9 
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HM574400 Series 


¢ Automatic Refresh Cycle 


ee ae, See eee 
tee | ; aoe tee 
ee 


= TA YT WITT 
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High-Z 


Oout 
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HM574400 Series 
e CE Refresh Cycle 
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HM574400 Series 
e Static Column Mode Read Cycle 
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HM574400 Series 


¢ Static Column Mode Read Cycle (OE = Vj) 


i 
Ke 


DTT 
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KAXAXA 
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HM574400 Series 
e Static Column Mode Write Cycle*8 (1st Cycle = Early Write Cycle) 
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HM574400 Series 


¢ Static Column Mode Write Cycle*8 (ist Cycle = Delayed Write Cycle) 
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Section 4 
MOS Dynamic RAM Modules 





© HITACHI® 
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HB56A18 Series 


1,048,576-Word x 8-Bit High Density Dynamic RAM Module 


M@ DESCRIPTION @ PIN DESCRIPTION 
The HB56A18 is a 1M x 8 dynamic RAM module, mounted eight 1-Mbit DRAM Pin Pin Pin Pin 
(HM511000JP) sealed in SOJ package. An outline of the HB56A18 is 30-pin single No. Name No. Name 
in-line package having Lead types (HB56A18A, HB56A18AT), socket type 
(HB56A18B). Therefore, the HB56A18 makes high density mounting possible with- Yc DQ4 
out surface mount technology. The HB56A18 provides common data inputs and 2 CAS Ag 
outputs. Its module board has decoupling capacitors beneath each SOV. 3 | DQ | 28 | Ag 
m@ FEATURES 4 NC 
¢ 30-pin Single In-line Package 5 DQs 
== (0M ad | 12) | Re ee arene co ee ee a ee ee er ea 2.54mm 6 | DQ 1 WE 
e Single 5V (+10%) Supply 7 Vv 
¢ High Speed 2 ss 
ACCESS TiMe .......... eee e eee 60 ns/70 ns/80 ns/100 ns/120 ns (max) 8 DQ6 
¢ Low Power Dissipation 9 V 4 NC 
Active Mode......... 3.96 mW/3.52 mW/3.08 mW/2.64 mW/2.20 mW (max) 10 D 
Standby Mode.......... 00. c cece cece eee e cece ee eneee 88 mW (max) Q Q7 
e Fast Page Mode Capability 11 NC 
© SI eRenresnOvcle: eccicicearascosh cesses aewas pews ene ha oumeuaaene (8 ms) 12 A 7 RAS 
e 2 Variations of Refresh | As | 27 
RAS Only Refresh 13 NC 
CAS Before RAS Refresh 14 NC 
e TTL Compatible 15 V 
7 CC 


mM ORDERING INFORMATION 
m@ PIN DESCRIPTION 


Package 


Lead Type Profile Lead Type Socket Type Ag-Ag Address Input 
60 ns HB56A 18B-6H Ao-Ag Refresh Address Input 
70 ns HB56A 18B-7H RAS Row Address Strobe 
80 ns HBS56A18B-8A CAS Column Address Strobe 


120 ns HB56A18A-12A HB56A18AT-12A HBS56A18B-12A DQo-DQ7 | Data-in/Data-out 
Vcc Power Supply ( + 5V) 
@ PIN OUT 
Vss Ground 


NC Non-Connection 
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HB56A18 Series 
m@ BLOCK DIAGRAM 


AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 


A8 
AQ 


Ras 27 


CAS (2) 
WE (21) 





M1 ~8 Vcc 
Voc 8% 


9 C = 0.22uF x8 
Vss posig ase ne nn 
Vss ee 


0120-2 


© HITACHI 
702 Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HB56A18 Series 


M@ PHYSICAL OUTLINE unit, = 
" inch 


e HB56A18A Series 


81.2(3.197) 5.28max. 
(0.208max.) 


° 
< 
© 
E 

eS 
— 
oa 
iJ 

* 
< 
wo 
= 

| eed 
. 
Low] 
Os 


it VYYTY | r) TH Y ry YY YT Y a | | 0.25(0.0098) 


0.50(0.0197) 


2.54min. 
(0.100min.) 





¢ HB56A18AT Series 


90.14 (3.549) 8.89max. 
(0.350max. ) 


0.25( 0.0098) 


2.04 | | My 0 


(0.100) (0.0197 ) 


(0.100min. ) 





e HB56A18B Series 
_- 88.913.500) 


‘annie, _ _ 82.14(3.234) 
1.45min. (0.057min. } ee 





20.45max. 
0.805max. ' 


1.27 + 0.127 


(0.05 + 0.005 ) 


6.350.250) / | 


/ 
1 1.7R(0.067max. ) | | aseao0 ann aoe 
AT£0. ; 
2.03(0.080) | |. La 2tooro fe ease) 127( 60.125 + 0.005 ) 
7,62( 0.300) | ; _ 73.66(2.900)REF 
BASIC 
BOTH SIDES 


2.54min.(0.100min. ) 





Note: 1. The plating of the contact finger is solder coat. 
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HB56A18 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Dissipation a ae ee W 
Operating Temperature °C 
Storage Temperature “C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


wee 
Supply Voltage 


Note: 1. All voltage referenced to Vgg. 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 
HB56A18A/AT/B 





Parameter Symbol 


= 
Be 
E 
bee) 
m4 
BE) 
He 
= 
S 
> 


iF 


nN 
> 
— 
CO 
ps [8 
a 
— 


& 


Operating Current | Iccy 


Standby Current Icc2 





~ ~~ 
i) = N 
g = | 

>) 


RAS Only | 

Refresh Current Ioc3 | 480 | — | 400) — | 360 

CAS Before RAS oT 
See cw [= Pe] [oe] — lel [ol [mm ncn 

Fast Page — Mi; 

=a m= [|= [=| [=] —|=]mlecrme —_[ 
Input Leakage - - = Res 

Output Leakage ba = i - OV Ss Vout = 7V, 

gre Lan [ml © |e] » [-wl |e] w |-o] w [os eS 
Ouiputtow Votuge [Vor | 0 [oa] o [os] o [oa] o [os] o | a+] v [ty = 42m 


Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vyqy. 
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HB56A18 Series 
e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Input Capacitance (Address) a | | 
Input/Output Capacitance (DQ9-DQ7) | Go | — | 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyzy to disable Dout. 
e AC Characteristics 


Please show at HM511000H series or HM511000A series about AC Characteristics. But don’t use by Delayed Write Cycle, be- 
cause the HB56A18 provides common data inputs and outputs. Please use by Early Write Cycle. (twos = twcs (min)). 
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HB56C18 Series 


1,048,576-Word x 8-Bit High Density Dynamic RAM Module 


@ DESCRIPTION 


The HB56C18 is a 1M x 8 static column mode dynamic RAM module, mounted 
eight 1-Mbit DRAM (HM511002JP) sealed in SOJ package. An outline of the 
HB56C18 is 30-pin single in-line package having Lead types (HB56C18A, 
HB56C18AT), socket type (HB56C18B). Therefore, the HB56C18 makes high densi- 
ty mounting possible without surface mount technology. The HB56C18 provides 
common data inputs and outputs and also provides separate |/O on parity bit for 
parity check. Its module board has decoupling capacitors beneath each SOU. 


@ FEATURES 
e 30-pin Single In-line Package 


LOA PUG o nota s ier te pony eel ob Oe eo ow wee OEMS eG ie OOS 2.54mm 
e Single 5V (+10%) Supply 
e High Speed 

AGCOSS: TIMGC ices cs0 es eiah bd wire sebe daed des 80 ns/100 ns/120 ns (max) 
e Low Power Dissipation 

Active Mode ............. cc cee eee eee 3080 mW/2640 mW/2200 mW (max) 

SlANGDY MOCO s. 5 iiccatnine centuries as casa nen garam da Ba Rete eae ees 88 mW (max) 


e Static Column Mode Capability 


©:512 AGNES CVCIC. 425.26 ose oe Sct OSS a edeat Ae eed pateedeteeaees (8 ms) 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
e TTL Compatible 
@ ORDERING INFORMATION 
Package 
Access : ; : 
Time 30-pin SIP 30-pin SIP Low 30-pin SIP 
Lead Type Profile Lead Type Socket Type 
80 ns HB56C18A-8A HBS6C18AT-8A HB56C18B-8A 
100 ns HB56C18A-10A HBS56C18AT-10A HBS56C18B-10A 
120 ns HBS6C18A-12A HBS6C18AT-12A HB56C18B-12A 
@ PIN OUT 
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706 


m@ PIN DESCRIPTION 


No. Name No. Name 
; DQ. 
DQ; 
6 | Da | 2 | WE 
DOs 
10 | D& DQ 
@ PIN DESCRIPTION 
Pin Name Function 
Ag-Ag Address Input 
Aop-Ag Refresh Address Input 
RAS Row Address Strobe 
CS Chip Select | 
WE Read/Write Enable 
DQo-DQ7 Data-in/Data-out 
Vcc Power Supply (+ 5V) 
Vss Ground 
NC Non-Connection 


HB56C18 Series 
m@ BLOCK DIAGRAM 


AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
AQ 


COIN [On | > 


coo, 
ook, 


14 
15 
17 
18 


RAS = 
tas £2) 


WE (21) 





veo 


ee 
Vcc 

9 C = 0.22uF x 8 

Vss 2e 


0121-2 
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HB56C18 Series 
M@ PHYSICAL OUTLINE Unit: 


e HB56C18A Series 


78 74(3 100° 


=“ 
g 
net 
bac 
3S 
“ 
@ 
E 
nm 
2) 
° 
a 


0 50(0.0197) | 425401), 


¢ HB56C18AT Series 


88.9( 3.500) 8.89max. 


| | (0.350max. ] | 


0.25( 0.0098 ) 


(0.100min. ) 





¢ HB56C18B Series 


88.9(3.500) 


3.38( 0.133) 82.14( 3.234) 
5.28max. 
' 1 45min.(0.057min ) (0.208max.) 


*3 
1.27 + 0.127 
(0.05 + 0.005 ) 


6.35( 0.250) | 
1.7R(0.067max. ) 2.54(0.100) BASIC 
ce Ee BOTH SIDES 
—2:93(0.080) 1.78(0.070) 
7.62(0.300) 73.66(2.900)REF 


2.54min. (0.100min. ) 


3.17 + 0.127( 60.125 + 0.005 ) 


(0.07min) 


BASIC 
BOTH SIDES 


Note: 1. The plating of the contact finger is solder coat. 
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mm 
(inch) 











HB56C18 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
—1.0to +7.0 V 


—10to +7.0 V 


< 


Voltage on Any Pin Relative to Vsg T 


Supply Voltage Relative to Vss 


< 
Q 
Cc) 


— 
oO 
5 

> 


Short Circuit Output Current out 


Power Dissipation WwW 
Operating Temperature Topr Oto +70 i © 
Storage Temperature stg — 55 to + 125 °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to +70°C) 


Vss a ae ae ae a es ae 
Supply Voltage 


Note: 1. All voltage referenced to Vgs. 
e DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vsg = OV) 
HBS56C18A/AT/B 








Operating Current Icc1 






TTL Interface 
RAS, CAS = Vinp 
Dout = High-Z 
CMOS Interface RAS, 


CAS = Vcc — 0.2V, 











Standby Current Icc2 


| Min | jo 

| — | | — | | — | | mA | 
-|«|-|«|- 
-[e[-jef-. 
-[e[-[el-. 
= || - |] - 
aa 








Standby Current Iccs cs = VIL 

CAS Before RAS _ 

Refresh Current Ioc6 480 00 320 mA | trc = Min 

Static Column Static Column Mode 

Mode Current Icc9 480 00 320 tec = Min 1,3 





Input Leakage 


Current = 10 — 10 10 | — 10 pA OV < V;, = 7V 
Output Leakage = _ _ OV s Vout = 7V, 


Notes: 1. Icc depends on output load condition when the device is selected, Ic¢ max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vjz. 
3. Address can be changed once or less while CS = Vjyqy. 


= 
Co 
— 
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HB56C18 Series 
e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address) Ci 


Input/Output Capacitance (DQ9—DQ7) ec ee a 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = Vy to disable Dout. 


e AC Characteristics 


Please show at HM511002H series about AC Characteristics. But don’t use by Delayed Write Cycle, because the HB56C18 
provides common data inputs and outputs. Please use by Early Write Cycle. (twos = twcs (min)). 
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HB56G18 Series 


1,048,576-Word x 8-Bit High Density Dynamic RAM Module 


Mm DESCRIPTION 


The HB56G18 is a 1M x 8 dynamic RAM module, mount- 
ed two 4 Mbit DRAM (HM514400AS) sealed in SOJ pack- 
age. An outline of the HB56G18 is 30-pin single in-line pack- 
age (socket type). 

Therefore, the HB56G18 makes high density mounting 
possible without surface mount technology. The HB56G18 
provides common data inputs and outputs. Its module board 
has decoupling capacitors beside each SOV. 


@ FEATURES 
e 30-pin Single In-line Package 
[6a PuCh ics ctdateea he ete deep oad eta: 2.54mm 
e Single 5V (+10%) Supply 
e High Speed 
Access Time ............. 70 ns/80 ns/100 ns (max) 
¢ Low Power Dissipation 
Active Mode ...... 1100 mW/990 mW/880 mW (max) 
Standby Mode.................. ween 22 mW (max) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycles ............. cece ee ee eee (16 ms) 


e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
e TTL Compatible 


@ ORDERING INFORMATION 


70ns | 30.pin SIP 


80 ns 
100 ns Socket Type 








Contact Pad 





HB56G18B-7A 
HB56G18B-8A 
HB56G18B-10A 


HB56G18GB-7A 
HB56G18GB-8A 
HB56G18GB-10A 


Solder 











30-pin SIP 


Socket Type oe 





@ PIN OUT 


Pin No. Pin Name 


< 
Q 
QO 


wlofr{tafulafw]r 
QO 

© > 

wn 


— 
Oo 
nd 


Q 


— 
—_ 
> 
cS 


pen pm 
Ww | NO 
> 


DQ3 


— 
ms 
> 
N 


re 
~ 


15 


@ PIN DESCRIPTION 
Pin Name 
Ag-Ag 
Ag-Ag 
RAS 
CAS 


WE 
DQo-DQ7 
Vcc 

Vss 

NC 
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Pin Name 
is | Da 
rr 
as 
[19 ne 
DQ: 
WE 
Vss 
DOs 
NC 
Dg; 
NC 
NC 
NC 
Function 

Address Input 

Refresh Address Input 

Row Address Strobe 

Column Address Strobe 

Read/Write Enable 

Data-in/Data-out 

Power Supply ( + 5V) 

Ground 

No Connection 


711 





HB56G18 Series 
@ Block Diagram 


1/01 


1/02 HMS514400AS 
1/03 


1/04 
OE 
Vee Vss5 


1/01 


1/02 HM514400AS 
1/03 


1/04 
OE 
Vcc Vss 
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HB56G18 Series 


m 
Unit: —— 


m 
inch 


M@ PHYSICAL OUTLINE 
e HB56G188/GB Series 


c 
Elo 
a9 
wi 
Oo 


Note: Following the specification of the contact pad. 
Contact Pad 


HB56G18B-XX Solder 
HB56G18GB-XX 
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HB56G18 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol 


Voltage on Any Pin (Input) 


Value Unit 
—10to +7.0 V 


o}]oO 
3 
> 


Vin 
V 


Relative to Vsg - —1.0to +7.0 Vv 
Supply Voltage Relative to Vss Vcc —1.0to + 7.0 V 
Short Circuit Output Current lout 

Power Dissipation Pr W 


Oto +70 °C 
—55to + 125 °C 


Operating Temperature opr 


Storage Temperature 


ag | 
4a 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter Symbol Min Typ Note 
Vss eae aed aie a De ee ee, 
Supply Voltage 


Note: 1. All voltage referenced to Vsg. 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


HB56G18B/GB-7A HB56G18B/GB-8A HB56G18B/GB-10A , 
: Unit Test Conditions Note 
tro = Min 1,2 


Parameter Symbo 


Operating Current | Icc1 200 






4 


Standby Current Icc2 CMOS Interface, RAS 


S = Voc — 0.2V, 


RAS Only 


5 
nN 
=) 
S 
5 
> 
QO 
| 5 


Refresh Current Icc3 

Standby Current Iccs 

CAS Before RAS 

Refresh Current CC6 200 180 
Fast Page 

Mode Current 200 180 


Input Leakage = _ 
Output Leakage _ - eS OV s Vout = 7V, 


Output High Voltage | Voy 


| 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vy,. 
3. Address can be changed once or less while CAS = Vyq. 


ie) 
ip 
<i 
Q 
QD 
iw) 
E 
<i 
Q 
QD 
: 
ef 
Q 
QD 
<| 
o- 
=4 
It 
| 
WN 
3 
> 
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HB56G18 Series 
e Capacitance (Ta = 25°C, Voc = 5V +10%) 


Parameter Symbol Typ Max Unit Note 
Input Capacitance (Address) i 


Ci 
Input Capacitance (Clock) Cyr 


Input/Output Capacitance (DQo_7) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjypy to disable Doyt. 

e AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vgg = OV)! 12 

Read, Write, and Refresh Cycles (Common Parameters) 


; ; een) HB56G18B/GB-7A HB56G18B/GB-8A 
arameter ymbo Min | 


Random Read or t 130 
Write Cycle Time RC 


RAS Precharge Time trp 
RAS Pulse Width tRAS 
CAS Pulse Width tcAS 
Row Address Setup Time taSR fe ae = 


Row Address Hold Time 
Column Address Setup Time 


Column Address Hold Time tcAH 
RAS to CAS Delay Time tRCD 


me | OO | Ww 

ia Sd ee ee ie) 
| 7 
Lt — 


“x 


2 


HB56G18B/GB-10A 


n 


Unit Note 


F 


150 190 


i) i) _— ~~ 
~] 


20 


oo 


pmb — 
wa ws 
8 8 = S 
So 
— _ 
N 
© 
— — 
Lo) 
© 


a | a > |e 





RAS to Column Address 
Delay Time tRAD 35 1 20 55 9 
RAS Hold Time tRSH 2 
CAS Hold Time tcsH 100 
CAS to RAS Precharge Time tcRP 10 
Transition Time 
(Rise and Fall) : : : 
Refresh Period ee 16 6 15 
Read Cycle 
ne HB56G18B/GB-7A HB56G18B/GB-8A HBS6GISB/GB-10A | | 
fe ee Min Max aad key 
Max [Min [Max [Min | Max 
Read Command Hold t 
Time to CAS RCH 
Read Command Hold t 
Time to RAS RRH 
Column Address to 
fatimitie” [mae | | - | # | - | 8 | - [= 
Output Buffer Turn-off Time | torr: | 0 | 2 | o | 2 | o | 2 | om | 6 
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HB56G18 Series_——AA 


Write Cycle 
- ‘ Sona HB56G18B/GB-7A HB56G18B/GB-8A HB56G18B/GB-10A ite ea 
arameter moo ni ote 


[in [Max [Min [Mar 

Write Command Setup Time twcs a Ae ee ae ee ee ee 
Write Command Hold Time | two | 18). — 15 | 20 
Write Command Pulse Width twp SS eae ee a ee ee 


tps 
tpH 


Refresh Cycle 


CAS Setup Time ; 
(CAS Before RAS Refresh Cycle) CSR 


CAS Hold Time 


0 
(CAS Before RAS Refresh Cycle) ‘CHR 
0 


RAS Precharge to CAS Hold Time | trpc 


Fast Page Mode Cycle 


HB56G18B/GB-7A HB56G18B/GB-8A HB56G18B/GB-10A 


Rarer 
caren 
Set Sa A 


Unit Note 


1 


1 


Parameter Symbol Unit | Note 


HB56G18B/GB-7A HB56G18B/GB-8A HB56G18B/GB-10A 
[Man Ma 


oe tee | 
Fast PageModeCycleTime | tec | 45 | | 50] 8S 
Fast Page Mode 
Access Time from CAS Precharge | tace_ | — | 4 | — | 4 | ~ | 50 | os | 14 
RAS Hold Time from 
Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap S trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tpcp 2 trcp (max) and trap S trap (max). 
5. Assumes that tpcp < trcp (max) and trap 2 trap (max). 
6. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vi (min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyyy and Vj,. 
8. Operation with the tpcp (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified tp ap (max) limit, then access time is controlled exclusively by ta a. 
10. Early write cycle only (twcs 2 twcs (min)) 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tag or tcac or tacp. 
15. trRF is determined by 1,024 refresh cycles. 


716 
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@ TIMING WAVEFORMS 
ead Cycle 


RRH 


RCH 
ay, 


‘Ep | a= 
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e Early Write Cycle 


=e tASR 
CAS er 
tRAH 
TAS 


on “* i: a 






igh-Z 


Uy : Don’t care 


@ HITACHI 
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HB56G18 Series 
¢ RAS Only Refresh Cycle 


\_ 


LRP 


tCRP 
: <> 


RAH 
<> 


Dout 





¢ CAS Before RAS Refresh Cycle 





1 Address, Din: Don't care 
2 Dout: High-Z 


3 GY, : Don't care 


4 WE=VIH 







0104-8 
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HB56G18 Series 
e Fast Page Mode Read Cycle 


Output 1 Output 2 Output N 


Se 


yy : Don’t care 
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e Fast Page Mode Early Write Cycle 


rae 
Pee 1m Ns a 


pu =. vot DO ne IGA orn UU 


High-Z 





GY : Don’t care 
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HB56A48 Series 


4,194,304-Word x 8-Bit High Density Dynamic RAM Module 


Mm DESCRIPTION @ PIN OUT 


The HB56A48 is a 4M x 8 dynamic RAM module, mount- 
ed 8 pieces of 4 Mbit DRAM (HM514100AS, HM514100JP) 
sealed in SOJ package. An outline of the HB56A48 is 30-pin 
single in-line package. Therefore, the HB56A48 makes high 
density mounting possible without surface mount technology. 
The HB56A48 provides common data inputs and outputs. 

Decoupling capacitors are mounted beneath each SOuJ. 


m@ FEATURES 
¢ 30-pin Single In-line Package 


. EGA PUCIN Ve chan. ax Sree ow ween aces 2.54mm Pin No. Bias Name 
e Single 5V (+10%) Supply 
° High Speed 16 D& 
CAS 17 








Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 2 | GAS] aT Ag 
Active Mode ...............65- 4840 mW/4400 mW/ 
3960 mW/3520 mW (max) 4 | 4 | 9 | Ato 
Standby Mode................ 0. eee ees 88 mW (max) 5 DQs 
e 1,024 Refresh Cycle ............ ccc cee cee eee (16 ms) 
¢ 3 Variations of Refresh 7 Vss 
CAS Before RAS Refresh 
Beco ecr 9 NC 
* TTL Compatible 10 DQ DQ, 
lm PIN DESCRIPTION ll NC 
| | 2 RAS 
Pin Name Function 
a rae 13 NC 
~ ress In 
= 7 14 NC 
Ao-Ag Refresh Address Input 
— 15 Voc 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
DQo-DQ7 Data-in/Data-out 
Vcc Power Supply (+ 5V) 
Vss Ground 
NC No Connection 
@ ORDERING INFORMATION 
Package 
A 30-pin ! 30-pin ! 30-pin 30-pin 30-pin SIP 30-pin SIP 
sii SIP SIP SIP SIP Low Profile Low Profile 
ars Socket Type Socket Type Lead Type Lead Type Lead Type Lead Type 
60 ns HB56A48BR/GBR-6A HBS6A48AR-6A |  — _| HBS6A48ATR-6A 


0.945 Inch Height 0.805 Inch Height 0.989 Inch Height | 0.810 Inch Height | 0.591 Inch Height | 0.500 Inch Height 


70ns| = = — | HBS6A48BR/GBR-7A | = — —_—i|s HBS6A48AR-7A | = — —_—|-HBS6A48ATR-7A 
80ns | HBS6A48B/GB-8 | HBS6A48BR/GBR-8A | HBS56A48A-8 | HB56A48AR-8A | HBS6A48AT-8 | HBS6A48ATR-8A 
100ns | HB56A48B/GB-10 | HBS6A48BR/GBR-10A | HBS56A48A-10 | HBS6A48AR-10A | HBS6A48AT-10 | HBS6A48ATR-10A 


Note: 1. Following the specification of the contact pad. 
HB56A48B-XX, HB56A48BR-XX: solder 
HBS56A48GB-XX, HB56A48GBR-XX: __ gold 
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HB56A48 Series 
M@ BLOCK DIAGRAM 


(4) 
(5) 


A2 aur. 
(8) 


A3 
(11) 


A4 
13 
as 112) aad ! Q3 
ag 
(15) 


A7 
A8 2) 
(18) 


AQ 
A10 i) 


AO 
Al 


(27) 


(2) 
(21) 


RAS 
CAS 
WE 


ee) DQ7 


oe DQ6 


(20) 
DQ5 


(16) 
DQ4 





Vcc (1) 
MOQ-7 Vec 
Vcc (30) 


= 0.22 uF 
Vs5 (9) C=0.22uF x8 
Fsecstesewsetstei MO-7 Vss 
Vss (22) 


Note: MO—-M7[HB56A48XX-XXA]: HM514100AS 
MO-M7[HB56A48XX-8/10: HM514100JP 


0094-2 
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HB56A48 Series 


M@ PHYSICAL OUTLINE Unit: mm (inch) 
e HB56A48AR Series 


jee 
wan 
Cc 
co 
| so 
cS 
co 
| case) 
| som 
cm 





e HB56A48ATR Series 





e HB56A48BR/GBR Series 


: 0 25 max 
Detail Al ooi0 


Note: Following the specification of the contact pad. 


Part No. Contact Pad 
HB56A48BR-XX Solder 
HBS56A48GBR-XX Gold 
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HB56A48 Series 


M@ PHYSICAL OUTLINE (continued) Unit: mm (inch) 
e HB56A48A Series 


G0000 


15.0max _! 
12 46 


0.591 


DOGO 
730 


2.54min 
0.10 





e HB56A48B/GB Series 





0 25 max. 
0.010 


Note: Following the specification of the contact pad. 


Contact Pad 
HB56A48B-XX Solder Detail A 
HBS56A48GB-XX 
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HB56A48 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vsg Vv 
Supply Voltage Relative to Vsg V 
Short Circuit Output Current mA 
Power Dissipation a ae Se W 
Operating Temperature °C 
| = S5t0 +125 


Storage Temperature —55to + 125 i @ 


Z 


mM ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Vss a ee ee a ee ee ee 
Supply Voltage 


Note: 1. All voltage referenced to Vgs. 


e DC Electrical Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV) 









HB56A48B/GB/BR/GBR/A/AR/AT/ATR 
Parameter | Symbol -8/-8A -10/-10A | Unit Test Condition Note 
Pain | Ma [in | Max [ Min [a | 

fe [-[=[-[=[- | : 
Standby I 
“ - -|e[-[el-[e 
RAS Only 
paranuras |Yeeo | ~ | w0 | — | so | | mm | — | 
Standb 
CAS Before RAS 
jaca |e | ~ | wo | — | wo | — | re | — | oo | we | ne 
a Cd dd ed 
sm [os |e] [-o[ » [ale [=] ® [mata 
Output Leakage _ _ - OV s Vout = 7V 
curee [ho | =| v0 | -w] w | -w| | -1| 1 | on | 
as [row | [va] o [oe] » [vel [ro] v [tw sme 
tae |e] 8 |] pep etal ol ee 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vy. 
3. Address can be changed once or less while CAS = Vjyyy. 
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HB56A48 Series 
¢ Capacitance (Ta = 25°C, Vcc = 5V +10%) 
HB56A48 


Parameter Symbol BR/GBR/AR/ATR A/AT/B/GB Unit Note 





[pp [Mx | pp | Max 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyqx to disable Dout. 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)!, 12, 15 
Read, Write and Refresh Cycle (Common Parameters) 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Random Read or 
Write Cycle Time fixe | uo] — 130 
| = | 





Unit | Note 


RAS Precharge Time 


RAS Pulse Width —— 10000 
CAS Pulse Width 10000 10000 
Row Address Setup Time ftasr | 0 | Oe eee | Oy 
Row Address Hold Time Ee 


Column Address t 
Setup Time ASC 
Column Address 
rl [can | | - | | — 
RAS to CAS Delay Time 50 
35 
15 


o 
| 0 
Ps [ops fo 
o 
ee 


— 
Lo, 
So 


nN 
| 
: 
nN J 


wr Wn —~ 
3 a la 8/8 


oe] 


RAS to Column Address 9 
Delay Time RAD 

CAS Hold Time tes | 60 | — | 70 | — Ld) 200 | S10 

recrgerie tere | 0 | — | 0 | — eel 

5 3 
Rete Pero eee ce exe es ; 


Read Cycle 


HBS56A48B/GB/BR/GBR/A/AR/AT/ATR 
[hax | in| Pin [| Max [in 
re rico [—| 0 |—[ wl mw | aan 
aes [se oan 
P30 [35] T= [as [os [35,381 








Access Time from RAS 
Access Time from CAS 
Access Time from Address 


| Min 
| — | 
| — | 
| 
Read Command 
Setup Time Fines | 0 


Read Command t 

Hold Time to CAS RCH 

Read Command t 10 
Hold Time to RAS RRH 
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HB56A48 Series 
Read Cycle (continued) 













HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


| Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max_ 
Sorel Bd ed dD Eo Ed ad Bad fart fl eal 
ay EIe ELA e ee ee ee 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Write Command t 
Setup Time WCS 
15 


Write Command 





Parameter 









Column Address 
to RAS Lead Time 


Output Buffer 
Turn-off Time 











Write Cycle 





— 
=) 


ie 6 ec 
Hold Time 'WCH = = 
raswan [tw [0 | = | | | oo | 
emasinarime | ‘ewe | 15 | - | = | - | m | — 
eaAsiaatine | tome | 15 | — |» | | | 

[cee iad ea 

Ea Sos ew 


Data-in Setup Time ftps | 0 | —_ 
za 


Data-in Hold Time | tpy 


Refresh Cycle 


—s 
cera 


— 
— 





HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Pain [wax [Min [Max | Min [| Man | Min [ an | Min [ Max | Min [ Ma 


| Min [Ma Mi 
CA aed do [tor | | ~| | —| | ~| | ~ | | -| | ~[ ow 
(CAs Baek Rta yeu | 10 | — | 0 | — | | | | ~| | ~ | | - | 
root [we | | —] |] || 0] -] of -|o]-fo 


Fast Page Mode Cycle 
HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Pain| Max [in| Max [in| Max | Min] Max [Min] Max [Min] Max 


Fast Page Mode 

Giiremgene [er | *| — |e] ~ |e] |e] - [ol = [ol = | 
Fast Page Mode 100000 100000 100000 100000 100000 100000 13 
RAS Pulse Width "RASC 

cites [er [| * [=| @ || © || @ [=| @ |=] @ | o [os 
RAS Hold Time from 

Gisremwee [weer] | — |] - |] - [| - || - || - |= 
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HB56A48 Series 


Test Mode Cycle 


Notes: 


1. 
. Assumes that tpcp < trcp (max) and trap *S trap (max). If tpcp or trap is greater than the maximum recommended 


10. 
11. 
12. 


13. 


14. 
15. 


16. 


17. 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 





AC measurements assume tr = 5 ns. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that tpcp 2 trcp (max), trap S trap (max). 

. Assumes that trcp < trcp (max), trap = trRAp (max). 

. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 


voltage levels. 
Vin (min) and Vy; (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vy,. 


. Operation with the trop (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 


if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 

Early write cycle only (twcs 2 twcs (min)). 

These parameters are referenced to CAS leading edge in an early write cycle. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS-only refresh). 

trasc is determined by RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of taa or tcac or tacp. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits ... RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Doyt and data input pin is Djy. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, taa and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

trEF is determined by 1,024 refresh cycles. 
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HB56A48 Series 
@ TIMING WAVEFORM 
Read Cycle 


ag 


cao | 
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Tes 


- De. = IEEE 


- xe LI. 


— 


- Clas NC 





HB56A48 Series 


High-Z 
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HB56A48 Series 
¢ Hidden Refresh Cycle 


tr 
¢—__—______+___» 
t t 
‘ ; RAS RAS 
(Refresh) (Refresh) 


C 
t 
RP, 


ee 
: teRH 


(Read) 


RA 
ea 
Y 
{ 
it 


1 Uy : Don't care 
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HB56A48 Series 
e Fast Page Mode Read Cycle 


G 


4 


Address Wy olumn N : 


t tAA 
<> 


Y a yy’ y Y 


tACP 


tOFF 
tOFF Pehl 


Output 1 Output 2 Output N 
tRAC 
> 


High-Z 


: Don't care 





0094~14 
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HB56A48 Series 
e Fast Page Mode Early Write Cycle 


High-Z 





Din 


: Don't care 
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Z WY) : Dont care 
3 Address, Din: Don't care 


t t 

q—icsh.__y! |g tcHay gu APG. gia Che 
f) 
t 
<>» WH 


tws 


OPEN 


1 : Don’t care 





OPEN 


: Don’t care 


tcrp Pare 
Gy | 


PE 





HB56A19 Series 


1,048,576-Word x 9-Bit High Density Dynamic RAM Module 


M@ DESCRIPTION 


The HB56A19 is a 1M x 9 dynamic RAM module, mounted nine 1-Mbit DRAM 
(HM511000JP) sealed in SOJ package. An outline of the HB56A19 is 30-pin single 
in-line package having Lead types (HB56A19A, HB56A19AT), Socket type 
(HB56A19B). Therefore, the HB56A19 makes high density mounting possible with- 
out surface mount technology. The HB56A19 provides common data inputs and 
outputs and also provides separate |/O on parity bit for parity check. Its module 
board has decoupling capacitors beneath each SOU. 


m@ FEATURES 


e 30-pin Single In-line Package 

L6G PKCM s2ie4 55 axe tans He eects Pe owes eae ahaa beans 2.54mm 
e Single 5V (+ 10%) Supply 
e High Speed 

ACCESS TIME ......... cece eee ee ee 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
e Low Power Dissipation 

Active Mode...... 4455 mW/3960 mW/3465 mW/2970 mW/2475 mW (max) 

Standby Mode .i0.35 scckedeGivecia iets ees sea tetas ede lacus 99 mW (max) 
e Fast Page Mode Capability 


OD FOUOSIY CYCIO: xn Gaunt ncn g a beans KAN Daas a ore Se Whee woh Mad el adies ae (8 ms) 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
e TTL Compatible 
M@ ORDERING INFORMATION 
Package 
Access : ; ; 
Time 30-pin SIP 30-pin SIP Low 30-pin SIMM 
Lead Type Profile Lead Type Socket Type 
60 ns HB56A19A-6H HB56A19AT-6H HBS56A 19B-6H 
70 ns HB56A19A-7H HB56A19AT-7H HB56A 19B-7H 
80 ns HB56A19A-8A HB56A19AT-8A HBS56A19B-8A 
100 ns HBS56A19A-10A HBS6A19AT-10A HB56A19B-10A 
120 ns HB56A19A-12A HBS56A19AT-12A HBS56A 19B-12A 
@ PIN OUT 
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738 


No. Name No. Name 
1 [vec [16 | Da 
2 | CAS Ag 
: DQs 
6 [pq | a | We 
DQ 
0 Dey 
r PQ 
2 Yc 
m@ PIN DESCRIPTION 
Pin Name Function 
Ag-Ag Address Input 
Ao-Ag Refresh Address Input 
RAS Row Address Strobe 
CAS, PCAS | Column Address Strobe 
WE Read/Write Enable 
DQo-DQ7 Data-in/Data-out 
PD Parity Data-in 
PQ Parity Data-out 
Vcc Power Supply (+ 5V) 
Vss Ground 
NC Non-Connection 


HB56A19 Series 
@ BLOCK DIAGRAM 





30) M1 ~ 9 Vcc 


9 C =0.22uF x 9 
~9Vss 
vss 122 


Vcc 
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HB56A19 Series 


M@ PHYSICAL OUTLINE 
e HB56A19A Series 


81.2(3.197) 


Brannan 


ae OD ae ee OD ee nt ome GR commen oe BD ee ae @ ae ae em ee BD me oe @ coe 


TTT TTT 


20.57max. (0.810max. ) 





2.54min 
0.100min. 





e HB56A19AT Series 


88.9( 3.500) 8.89max. 
0.35max. 


0.25( 0.0098 ) 


0.50 | 


(0.300) (0.100) (0.0197) 
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e HB56A19B Series 


88.9(3.500 ) 


3.38( 0.133) 


1.14min.( 2x) 
(0.045min. ) 


0.45max.(0.805max. ) 


10.16 (0.400) 


6.35 (0.250) 
(R0.067max. ) 


| | 
1.7max. 2.54(0.100) BASIC 
= BOTH SIDES 


2.03( 0.080) 
Bae 1.78(0.070) 
7.62( 0.300) 73.66 (2.900 )REF 


BASIC 
BOTH SIDES 


Detail A 


Note: The plating of the contact finger is solder coat. 


1.80 min. 
0.071 


€ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ (415) 589-8300 741 


HB56A19 Series 


1.27 + 0.127 
(0.05 + 0.005 ) 


2.54min. (0.100min. ) 
3.17 + 0.127( 60.125 + 0.005 ) 
(0.07min ) 











HB56A19 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol 


Voltage on Any Pin Vin 


Relative to Vss Output V 


Value Unit 
—1.0to +7.0 V 
—1.0to +7.0 V 
—1.0to +7.0 


out 


Supply Voltage Relative to Vssg 
Short Circuit Output Current 


jason] 
+ 1 
So 
| < 


Power Dissipation Pr W 
Operating Temperature Topr Oto +70 “C 
Storage Temperature Tote — 55to + 125 8: 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ty, = 0 to +70°C) 


Parameter Symbol | Min =| Typ | Max | nit, =| Note 
Vss Dest ee We Oe ee Ie 
Supply Voltage 
i 


Note: 1. All voltage referenced to Vgs. 
e DC Electrical Characteristics (Tx, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 
HB56A19A/AT/B 











~3 
a9 
oo 
> 


Parameter Symbol 


< 
| 
Ss 
~ 


Operating Current | Icc1 





TTL Interface 
RAS, CAS = Vyq, 
Dout = High-Z 


Output High Voltage | Von 


[=] 810; 
= [2] — 
Standby Current Io@ f 
RAS Only ‘ = 
Refresh Current CC3 
Standby Current es |-] 8] — 
CAS Before RAS i 
Refresh Current CC6 
Fast Page 
Mode Current Htccr | — 810 a = 
Input Leakage ce a 
ae CE = 
Output Leakage - “ _ OV < Vout = 7V, 
, 
Po [os [0 


Output Low Voltage | Vor 


Notes: 1. Icc depends on output load condition when the device is selected, I¢c¢ max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vyq. 
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HB56A19 Series 
e Capacitance (Ta = 25°C, Voc = 5V 410%) 


Parameter Typ Max Note 
Input Capacitance (Address) Cy as 
Input Capacitance (Clock) = ae ae 
Input/Output Capacitance (DQ9-DQ7) | Gy | — | wv | pF. 12 
aaa 
ee 


Input Capacitance (PD) C73 


Output Capacitance (PQ) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyx to disable Doyt. 
e AC Characteristics 


Please show at HM511000H series or HM511000A series about AC Characteristics. But don’t use by Delayed Write Cycle, be- 
cause the HB56A19 provides common data inputs and outputs. Please use by Early Write Cycle. (twos = twcs (min)). 
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HB56A19L Series 


1,048,576-Word x 9-Bit High Density Dynamic RAM Module 


@ DESCRIPTION @ PIN OUT 


The HB56A19 is a 1M x 9 dynamic RAM module, mount- 
ed nine 1 Mbit DRAM (HM511000ALJP) sealed in SOJ pack- 
age. An outline of the HB56A19 is 30-pin single in-line pack- 
age having lead types (HB56A19A, HB56A19AT), socket 
type (HB56A19B, HB56A19GB). Therefore, the HB56A19 
makes high density mounting possible without surface mount 
technology. The HB56A19 provides common data inputs 
and outputs and also provides separate I/O on parity bit for 
parity check. Its module board has decoupling capacitors 
beneath each SOuJ. 


@ FEATURES 





e 30-pin Single In-line Package 1 D 
Lead Pitch ...........cc.cceeeceeeeee eee 2.54 mm — Q4 
| 2 CAS As 
e Single 5V (+ 10%) Supply 
° High Speed 3 ae ee ee ee Ag 
ACCESS TIME ...... 6.0 cece eee 60 ns/70 ns/80 ns/ 4 | A | 9 | NC 
e Low Power Dissipation : = 
Active Mode ........ 4455 mW/3960 mW/3465 mW/ 6 WE 
2970 miW/2475 mW (max Vss 
Standby Mode .................0005- 15.3 mW (max) ae 
e Fast Page Mode Capability : A3 = DQ6 
e 512 Refresh Cycle/64 ms (Distribution Refresh) 9 NC 
e 2 Variations of Refresh 10 DQ) DQ7 
CAS Bolero FAS | ee 
CAS Before RAS Refresh a zd ze PQ 
* TTL Compatible 12 RAS 
@ ORDERING INFORMATION @ PIN DESCRIPTION 
Package Pin Name Function 
Access 30-pin SIP 30-pin SIP 30-pin SIP! 30-pin SIP! Ag-Ag Address Input 
Time Lead Type Low Profile Socket Type Socket Type Ags Refresh Address Input 





Lead Type 


70 ns HBS56A19GB-7L > PCAS Column Address Strobe 
80 ns HBS6A19B-8L | HBS56A19GB-8L — ae 
120 ns HB56A19B-12L | HB56A19GB-12L Je ae 


i ta-out 
Note: 1. Following the specification of the contact pad. ze Hatity Dala-o8 
HBS6A19B-XXL_: solder Vcc Power Supply ( + 5V) 
HB56A19GB-XXL : gold Vss Ground 
NC No Connection 
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HB56A19L Series 
@ BLOCK DIAGRAM 


AO (4) 


mG? 
a2 2 
a3 2) 
aq 1) 
as 1) 
ag 114) 
AT (15) 

(17) 


A8 p 
ag 18) 


Ras 2 
(2) 


CAS 
—= (21) 
WE 


(29) 
(26) 
(25) 


pcas (28) 


(23) DQ6 


(20) 
DQ5 


(16) 
DQ4 





0153-2 
(1) 
Sa ea MO -8 Vcc 
Vcc (30) 


Vss (9) C=0.22uF x9 
ee oma MO -8 Vss 
Vss (22) 
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Vcc 


0153-3 


HB56A19L Series 


M@ PHYSICAL OUTLINE 
e HB56A19A Series 





e HB56A19AT Series 


8.89 max. 
0.350 | | 


025 | 
0.010 





¢ HB56A19B/GB Series 


5 28 max. 
0.208 


1.27 
0.050 


Detail A 


Note: Following the specification of the contact pad toe TI. sone 
aan 
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HB56A19L Series 
m@ ABSOLUTE MAXIMUM RATINGS 
Value Unit 
—1.0to +7.0 V 
—10to +7.0 V 
—1.0to +7.0 V 


Parameter —— 


Voltage on Any Pin (Input) 
Relative to Vss (Output) Vin 


Supply Voltage Relative to Vsg 


oS 
B 
> 


< 
Q 
Q 


Short Circuit Output Current out 


Power Dissipation 


| 


Oto +70 iS 
—S55to + 125 °C 


Operating Temperature opr 


| 


a 
aa 


Storage Temperature 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions = = 0 to +70°C) 


a i 


Note: 1. All voltage referenced to = 
e DC Electrical Characteristics (T, = 0 to + 70°C, Vcc = 5V +10%, Vss = OV) 


HB56A19/AT/B/GB 
Parameter oe -12L Unit Test Conditions Note 
ecg: 
urrent 


TTL Interface 
mA |RAS, CAS = Vy, 
Standby I Saeaeene 
Current CC2 eo es 
RAS Only 
Refresh Current 810 


ISOSC 
Battery Back MP lie 7 
Current 








810 





— 


OQ 


Current 


CAS Before 
RAS Refresh 
Current 


=¥ 


Fast Page Mode Niccy | 
Current 


EE 
Standby aie 


— 10 


=| [ee fe 





Input Leakage 
Current 


a 
Output Leakage |, aE oe: 
aE) 


ee < Vout = 7V 
Dout = Disable 


leper 
Te fol [oo [or famoe 


. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 


Current 


Output High 
Voltage 


Lo) ~) wa 


Output Low 
Voltage 


Notes: 





1 

2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed <1 time while CAS = Vyq. 
4 


. tras = tras (min) to 1 ps. 
Input voltage: All pins: Vy 2 Vcc — 0.2V or Vy, s 0.2V. 
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HB56A19L Series 
e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Parameter Typ Max Note 
Input Capacitance (Address) Ci Neen cee. 
Input Capacitance (Clock) ee eee 
Input/Output Capacitance (DQo_7) ee ee es Ce ee ee 152 
Input Capacitance (PD) a rr aa 
Output Capacitance (PQ) es ae 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyqy to disable Dou. 


e AC Characteristics (Ta, = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)! 12 
Read, Write, and Refresh Cycle (Common Parameters) 


HB56A19/AT/B/GB 
Parameter Symbol TL 8L 10L Unit | Note 


Min Min | Max | Min | Max | Min 
Random Read or Write Cycle Time tre =| 120 | — | 130 | 
RAS Precharge Time trp | so | — | 50 | 
RAS Pulse Width tras | 60 | 10000| 70 
tas 0 





~l 
2 
— 
— 
Oo 
— 


CAS Pulse Width tCAS 


e 
ww 
— 
SQ 
S 
a) 
pe 
1o 4) 
— 
S 
j] 
oO 
e 
fo) 
S 
oO 





| Max | 

[ee [ns | 

fees ES 

ras | 

oo00 [ns 
Row Adires SeupTine [tase [0 | — | 0 | -[ 0 |—-|[0]—| 0] —|m 
Row Adires HoldTine [nan | 10 | — | | — | 2 ]—] 15 ]—| 15 [- [= 
Cota Addres Hold Tine [tcan | is | — [is | — |» |—| » |—]| a [| — [| 
RAS to Column Address Delay Time 55 | 20 | 65 | ns 9 
RAS Hold Tim Ce ee ee 
CAS Hold Tine tox | © | —| wo ]—|[w|—|m]—|m[—|m 
CAStoRASPrechageTine [tear | | — [0 | — | 0 [—| w]—| | —|m! 
Transition Time (Rise and Fall) 7 
Read Cycle : 
HB56A19A/AT/B/GB 
Parameter Symbol -6L -7L -8L -10L -12L Unit | Note 
Max | Min Max Min | Max | Min | Max | Min | Max 

Access Time from RAS trac | — | 6 | — | 7 | — | 80 {| — | 10 | — | 120 | as | 2,3 
Read Commane SeupTine [tes | 0 | — | 0 | - [| 0 [-] o[-[o]-|m 
Column Address to RAS Lead Time tran | 30 | — | 35 | — | 4 | — | 45 | — | 55 | — | os] 
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HB56A19L Series 
Write Cycle 





HB56A19A/AT/B/GB 


Parameter Symbol -6L -10L -12L Unit | Note 


| Max | 

Write Command Setup Time ltwes | 0 | — | 

Write Command HoldTime |twou | 15 | — | 15 
oe 
i 
aed 


Write Command Pulse Width | twp 


Data-in Setup Time tps Oy 
Data-in Hold Time 


Refresh Cycle 


Parameter Symbol 6L TL -10L -12L _| Unit | Note 


CAS Setup Time ; ‘6 
(CAS Before RAS Refresh Cycle) | ‘CSR 


CAS Hold Time t 15 15 
(CAS Before RAS Refresh Cycle) | ‘CHR 
RAS Precharge to CAS Hold Time trpc | 10 | — | a | 


Fast Page Mode Cycle 


— 
— 


— 
=) 


— 
jot 





nN — 
e 
(a) 
— N 


HB56A19A/AT/B/GB 


Parameter Symbol -10L -12L Unit | Note 

[Min [ax | Min [ Max | win [ Max | Min [ Max | Min | Max 

Fast Page Mode CAS Precharge Time ltep: 10> | se 10. | | 0 
Fast Page Mode RAS Pulse Width trasc| — | 100000] — | 100000] — | 100000 
cer 

ee 





Access Time from CAS Precharge tace | — | 40 | — | 45 | 
RAS Hold Time from CAS Precharge truce] 40 | — | 45 | — | 50 | 


Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that tpcp * trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max), trap S trap (max). 
. Assumes that tpcp ¥ trcp (max), = trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vi (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vj,. 
8. Operation with the trop (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tag or tcac Or tacp. 
15. tppF is determined by 512 refresh cycles. 


Hn & Ww 
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HB56A19L Series 
@ TIMING WAVEFORMS 
ad Cycle 


at 
- =o tim 


tRCH 
<> 


: Don’t care 
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tRCD tRSH 
tCSH 
tCAs 


Sela Ulli 


= 


eZ ZZ 








HB56A19L Series 
e Fast Page Mode Read Cycle 


tRRH 


tOFF 
<> 


Valid ) { Valid . ( Valid ) 
Output 1 Output 2 Output N 


+» 





: Don’t care 





0153-12 
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CAH 
a 


i 


gwCH 
twe 


4—_> 


cs 


AED 
lalla 


D 


© IPFENQ ZOE 


High-Z 


: Don't care 
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HB56C19 Series 


1,048,576-Word x 9-Bit High Density Dynamic RAM Module 


m@ DESCRIPTION m@ PIN DESCRIPTION 
The HB56C19 is a 1M x 9 static column mode dynamic RAM module, mounted Pin Pin Pin Pin 
nine 1-Mbit DRAM (HM511002JP) sealed in SOJ package. An outline of the No. Name No. Name 
HB56C19 is 30-pin single in-line package having Lead types (HB56C19A, 
HB56C19AT), socket type (HB56C19B). Therefore, the HB56C19 makes high densi- DQ4 
ty mounting possible without surface mount technology. The HB56C19 provides 2 CS Ag 
common data inputs and outputs and also provides separate I/O on parity bit for 3 | DQo | 18 | Ag 
parity check. Its module board has decoupling capacitors beneath each SOJ. 4 NC 
aed 5 DQs 
¢ 30-pin Single In-line Package 6 | DQ | 21 | WE 
EGaG PICK es cr iede ness ote tol seein oka deaewh iad Maori eow ens 2.54mm 7 Vv 
e Single 5V (+ 10%) Supply 2 SS 
* High Speed 8 DQ 
ACCESS TMG Ss ye tyeler ia ceGst kes aoe tes ea 80 ns/100 ns/120 ns (max) 9 Vsg NC 
e Low Power Dissipation 10 D 
Active Mode ..........0scceeeceeeees: 3465 mW/2970 mW/2475 mW (max) RQ Q 
Standby: Mode:e.2. So. s.3d.aiwecevea can ssar dius eters eeeces 99 mW (max) 1 PQ 
¢ Static Column Mode Capability 2 A 7 RAS 
© 512: Reiresh CyCIG: «360-0 3.o te thee heater ee aun eer ee NGeeeaaees (8 ms) ee ee — 
e 2 Variations of Refresh 13 DQ3 PCS 
RAS Only Refresh 14 PD 
CAS Before RAS Refresh 
15 A 30 V 
¢ TTL Compatible | Ar | 30 cc 
@ ORDERING INFORMATION m PIN DESCRIPTION 
Package Pin Name Function 


Access 
mene ae payee - Ong Ag—Ag Address Input 
80 ns HBS6C19B-8A Ag-Ag Refresh Address Input 


PCS Parity Chip Select 
m@ PIN OUT WE Read/Write Enable 
DQo-DQ7 Data-in/Data-out 
PD Parity Data-in 
PQ Parity Data-out 
Vcc Power Supply (+ 5V) 
Vss Ground 
NC Non-Connection 
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HB56C19 Series 
@ BLOCK DIAGRAM 


AO 
Al 
A2 
A3 
A4 
As Al2 
Ag 114 
A7 15 
A8 17 
AQ 18 


Omi in 


sony 
onh, 


Ras (27 


Gas -(2) 
WE (21) 


———- (28 
PCAS i 





Vec (1) 
| | /-———> Mt - 9 Vee 
ie = C=0.22uF x9 
~9Vss 
Vss 22 


0123-2 
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HB56C19 Series 


M@ PHYSICAL OUTLINE . mm 
Unit: — 
(inch) 





¢ HB56C19A Series 


81.2(3.197) 


—ULOOUUT 


1 Y y t rT) Or Air Y Y Y ia 


itt TTY 


i (0.810max. ) 





0.50(0.0197 ) 





¢ HB56C19AT Series 


88.9(3.500) 8.89max. 
0.35max. 


0.25( 0.0098 ) 


0.50 | 


(0.300) (0.100) (0.0197) (0.300) 





e HB56C19B Series 


88.9(3.500) 
3.38(0.133 ) 





(0.208max. ) 


re 


0.45max. ( 0.805max. ) 


1.27 + 0.127 

5 (0.05 + 0.005 ) 
.35 (0.250) ‘ . 

(R0.067max. ) 2.54min.(0.100min. ) 


| | 
1.7max. 2.54(0.100) | BASIC 
3.17+0.127( 90.125 + 0.005) 
2.03( 0.080) BOTH SIDES 


1.78(0.070) (0.07min) 


7.62 (0.300) 73.66( 2.900 )REF 


BASIC 
BOTH SIDES 





Note: 1. The plating of the contact finger is solder coat. 


@ HITACHI 
Hitachi America, Ltd. « Hitachi Plaza ¢ 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 ¢ (415) 589-8300 157 


HB56C19 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vsg V 
Supply Voltage Relative to Vss V 
Short Circuit Output Current oo ee See mA 
Power Dissipation | Pr fs W 
Operating Temperature °C 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


= a a a a ees ee ee 
Supply Voltage 


Note: 1. All voltage referenced to Vgg. 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vss = OV) 
HB56C19A/AT/B 








Operating Current Icc1 


| Min | Min 
oe as 
Standby Current Icc2 ae 








TTL Interface 
RAS, CAS = Vinp 
CMOS Interface RAS, 


CAS = Voc — 0.2V, 
Dout = High-Z 






RAS Only , 
Refresh Current CC3 


Standby Current Iccs 


CS = Vin 
Dout = Enable 


CAS Before RAS I 
Refresh Current CC6 


Static Column 

Mode Current locg | = | 340 = 450 
Input Leakage 

Output Leakage a = OV s Vout = 7V; 


Notes: 1. Icc depends on output load condition when the device is selected, Icc¢ max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vjz. 
3. Address can be changed once or less while CS = Vyq. 





Static Column Mode 
tpc = Min 
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HB56C19 Series 
e Capacitance (Ta = 25°C, Vcc = 5V +10%) 


Input Capacitance (Address) a ee aa 

Input/Output Capacitance (DQ9-DQ7) Pp Cyor-— | oP a pe 1,2 
ae 
eee 


Input Capacitance (PD) Cy3 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = Vy to disable Doyt. 


e AC Characteristics 


Please show at HM511002A series about AC Characteristics. But don’t use by Delayed Write Cycle, because the HB56C19 
provides common data inputs and outputs. Please use by Early Write Cycle. (twos = twcs (min)). 
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HB56G19 Series 


1,048,576-Word x 9-Bit High Density Dynamic RAM Module 
m@ PIN OUT 


M@ DESCRIPTION 


The HB56G19 is a 1M x 9 dynamic RAM module, mount- 
ed two 4 Mbit DRAM (HM514400AS) sealed in SOJ package 
and 1 Mbit DRAM (HM511000AJP) sealed in SOJ package. 
An outline of the HB56G19 is 30-pin single in-line package 
having lead types (HB56G19A), socket type (HB56G19B/ 
GB). Therefore, the HB56G19 makes high density mounting 
possible without surface mount technology. The HB56G19 
provides common data inputs and outputs and also provides 
separate |/O on parity bit for parity check. Its module board 
has decoupling capacitors beneath each SOJ. 


@ FEATURES 
e 30-pin Single In-line Package 
LGRGPHCN sc ose osu ke Rane cone res aes 2.54mm 
e Single 5V (£10%) Supply 
e High Speed 
Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Active Mode .................. 1705 mW/1540 mW/ 
1375 mW/1210 mW (max) 
Standby Mode.................0e ce eee 33 mW (max) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycle ............ cece cee ee eee (16 ms) 


e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
e TTL Compatible 


M@ ORDERING INFORMATION 


Pin 


<|% 
8 ]8 


Q 
> 
7) 


> 
° 


>| 9] < wv) 


aha Vou lcd 


2) 


>| >| Rip 





Part No. Package 
HBS6G19A-6A | 60ns | 
HBS6G19A-7A 30-pin SIP 

Low Profile 
HB56G19A-8A | 80ns Lead Type 
HB56G19A-10A 
HBS6G19B/GB-6A | — 60ns_— | 
HB56G19B/GB-7A 30-pin SIP 
HB56G19B/GB-8A | — 80ns__—_—'|_—_Socket Type 
HBS6G19B/GB-10A_ | ——100ns_— | 


Note: Following the specification of the contact pads. 
HBS6G19B-XX _ :solder 


760 


HB56G19GB-XX _:gold 


@ PIN DESCRIPTION 


Pin Name 
Ag-Ag 
Ag-Ag 
RAS 
CAS, PCAS 
WE 
DQo-DQ7 
PD 
PQ 
Voc 
Vss 
NC 


© HITACHI 


No. Name 
DQ 
rr 
ao 
NC 
DQ; 
WE 
Yss 
DQ 
NC 
Do; 
PQ 
PD 
Function 

Address Input 

Refresh Address Input 

Row Address Strobe 

Column Address Strobe 

Read/Write Enable 

Data-in/Data-out 

Parity Data-in 

Parity Data-out 

Power Supply (+ 5V) 


Ground 


No Connection 
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HB56G19 Series 
@ BLOCK DIAGRAM 






AO : 
Al = 
A2 ( 
A3 (8) 
ag 
ns 
ae (14) 
a7 1) 
ag 12 
se (18) 
(3) DQ0 
setae 27 (6) 
RAS 7 Hed (10) DQ’ =HM514400AS 
CAS” CAS DQ2 
OE 
Vcc Vss 
(16) 
4 
(20) se 
(23) C2? HM514400aS 
CAS DQ6 
{es as 
DQ7 
(26) 
PQ 
(28) isi HM511000AJP 
PCAS PD 
C3 
Vcc ) 
Vee oo | 
vss 2) 
(22) 
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HB56G19 Series 


M@ PHYSICAL OUTLINE — mm 
Unit on 


¢ HB56G19A Series 





e HB56G19B/GB Series 


a rmevreerseneeK A LALA. 
O O 
O 
rucuve a 
alntatalala 
NLS 

4 1,78 

0.100 


DetailA 


0 25 max. 1.80 min. 
0.010 0.071 


Note: Following the specification of the contact pads. 
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HB56G19 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Relative to Vs (Output) V 
Supply Voltage Relative to Vgs V 
Short Circuit Output Current mA 
Power Dissipation | Pr ff W 
Operating Temperature °C 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


ee RE a ae ee ee se 
Supply Voltage 


Note: 1. All voltage referenced to Vgs. 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vss = OV) 
HB56G19A/B/GB 


Min | 
Operating 


mee |e CMOS ae RAS, 

mA | CAS 2 Voc — 0.2V, 
rae = High- Z 

RAS Only 

Standby 

CAS Before RAS Neos an 

Refresh Current RC 

Fast Page Mode 

Input Leakage 

Output Leakage iA OV < Vout = 7V, 

Current Dout = Disable 

Output High _ 

= PS Se 

Output Low 


Notes: 1. Icc depends on output load condition when the device is selected, Ic¢ max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed <1 time while CAS = Vjyqy. 





12 













@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 763 


HB56G19 Series 
¢ Capacitance (Ta = 25°C, Vcc = 5V +10%) 
Parameter 
Input Capacitance (Address) 
Input Capacitance (Clock) 
Input/Output Capacitance (DQg_7) 
Input Capacitance (PD) 
Output Capacitance (PQ) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CAS = Vy to disable Dout- 


e AC Electrical Characteristics (Ta = 0 to + 70°C, Vcc = 5V +10%, Vsg = OV)!; 12 
Read, Write, and Refresh Cycles (Common Parameters) 


Note 


a 


1,2 


— 


Lz 





HB56G19A/B/GB 
Parameter Symbol 6A TA 8A Unit | Note 
Min Max Min Max Min Max Min Max 
Random Read or 
mame [= [= [-[»[-[e[-[[- fo 
Row Address t 
Setup Time ASR 
Row Address 
Column Address t 
Setup Time ASC 
Column Address 
RAS to CAS 
me [ol>tel=lel=t=l=l=lel 
RAS to Column 
Address Delay tRAD 15 30 15 35 17 20 55 9 
Time 
CAS to RAS 
Transition Time | 
ont ee te te te ep 
@ HITACHI 
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HB56G19 Series 
Read Cycle 





HB56G19A/B/GB 
Parameter Symbol -6A -7A -8A -10A Unit | Note 
Mia 
tRAC 


Access Time 

heath P- fe {-[ » | - {| |] - | |» fas 
Access Time 

from CAS p- | » | -} »]} - fs} - [fs ae 
Access Time 

Read Command t 

Setup Time RCS 

Read Command Hold Time t 

to CAS RCH 

Read Command Hold Time 

to RAS tee} 1 | — | wo | — | wo | - | | = [om 
Column Address to 

faite” [wae | > | - | s | - | @ | - | «| - | 
Output Buffer 


Write Cycle 


HB56G19A/B/GB 


Write Command ' 

Setup Time WCS 

Write Command ' 15 
Hold Time WCH 

Write Command 





— 
=) 


Data-in 
Setup Time 


Data-in t 15 
Hold Time DH 


wd 
— 


— 
oe 
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HB56G19 Series ———$_$ 
Refresh Cycle 


HB56G19A/B/GB 

Parameter Symbol -6A -7A -8A -10A Unit | Note 
CAS Setup Time 
(CAS Before RAS | tcsr 10 
Refresh Cycle) 
CAS Hold Time 
(CAS BeforeRAS | tcyR 15 15 20 20 
Refresh Cycle) 
RAS Precharge to t 10 
CAS Hold Time paike 


Fast Page Mode Cycle 








HB56G19A/B/GB 


Max [Min [Max [Min | Max | Min [ Max 
Fast Page Mode t 45 
Cycle Time PC 


Fast Page Mode 


Access Time from 


RAS Hold Time from 


Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that trcp S trcp (max) and trap < trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max) and trap S trap (max). 
. Assumes that tpcp S trcp (max) and trap 2 trAp (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyyq and Vy. 
8. Operation with the trop (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta aq. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of taa or tcac or tacp. 
15. trp is determined by 1,024 refresh cycles. 


Non & W 
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@ TIMING WAVEFORMS 
Read Cycle 


tRA 


“tr 
: ai 


R 

RRH 
tRCH 

Ge 





: Don’t care 
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tASR ) 
LRAH 
tAS 


« WV = 111 
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0 Sierra Poi | 


RAS 


RAH 
+> 


www [vm X((iilliiiiiii 





HB56G19 Series 
e Fast Page Mode Read Cycle 


tCA 
CAC J tcAc 


tOFF 
sy 


+——> 
{ Valid \ Valid \ { Valid ; 
Output 1 Output 2 Output N 


<—_—_—_—____—_—_—__> 


: Don't care 
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e Fast Page Mode Early Write Cycle 


ae mn 


twc 


ii 


t 


0 6G FENDE NEN 


High-Z 





: Don’t care 
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HB56A49 Series 


4,194,304-Word x 9-Bit High Density Dynamic RAM Module 


lm DESCRIPTION @ PIN OUT 


The HB56A49 is a 4M x 9 dynamic RAM module, mount- 
ed 9 pieces of 4 Mbit DRAM (HM514100AS, HM514100JP) 
sealed in an SOJ package. An outline of the HB56A49 is the 
30-pin single in-line package. Therefore, the HB56A49 
makes high density mounting possible without surface mount 
technology. The HB56A49 provides common data inputs 
and outputs, and also provides separate |/O parity bit for 
parity check. Decoupling capacitors are mounted beneath 
each SOv. enka 


m FEATURES FiaNa Fin Name 
¢ 30-pin Single In-line Package 1 DQ, 


30 pin 





LOad PRCN a.nd 8 xin oe eden sane cere ees 2.54mm a a ae 
° Single 5V (+10%) Supply : ee Z As 
* High Speed a Ee ee 
Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 4 A10 
seal Galil naa 5 DQ 
Active Mode ........ 5445 mW/4059 mW/4455 mW/ u te) 
3960 mW (ran s | va | | WE 
Standby Mode..............0...eeeeee 99 mW (max) 7 Vs 
Reiners marae 8 D 
© 1,024 Refresh Cycle ............ cc cece eee ee eens (16 ms) 3 Q6 
e 3 Variations of Refresh 9 Vss NC 
BAS Only Retrsn r Der 
CAS Before RAS Refresh 
* Hidden Refresh r PQ 
r RAs 
lm PIN DESCRIPTION : moe 
13 DQ PCAS 
Ag-Ag Refresh Address Input 
RAS Row Address Strobe 
CAS,PCAS | Column Address Strobe 
WE Read/Write Enable 
DQo-DQ7 Data-in/Data-out 
PD Parity Data-in 
PQ Parity Data-out 
Vcc Power Supply (+ 5V) 
Vss Ground 
NC No Connection 
@ ORDERING INFORMATION 
Package 
hess 30-pin ! 30-pin 1 30-pin 30-pin 30-pin SIP 30-pin SIP 
oe SIP SIP SIP SIP Low Profile Low Profile 
Socket Type Socket Type Lead Type Lead Type Lead Type Lead Type 





100 ns HBS6A49AR-10A HBS6A49ATR-10A 


Note: 1. Following the specification of the contact pad. 
HB56A49B-XX, HB56A49BR-XX: solder 
HB56A49GB-XX, HB56A49GBR-XX: _ gold 
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HB56A49 Series 


™@ BLOCK DIAGRAM 
AO (9) 
ny 
0 
ng £8) 
(11) 


A4 
(12) 


AS 

Ab ae 
A7 ) 
A8 Mf) 
AQ ue) 
A10 Hs 


(27) 


(2) 
(21) 


RAS 
CAS 
WE 


— (28 
PCAS 





(1) 
(30) MO —-8 Vcc 


Vcc 


Vcc 


Vss (9) C=0.22yuF x9 
heist MO-8 Vss 
Vss (22) 


Note: MO—-M8[HB56A49XX-XXA]: HM514100AS 
MO-M8[HBS56A49XX-8/10]: HM514100JP 


0096-2 
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HB56A49 Series 


M@ PHYSICAL OUTLINE Unit: —— 
e HB56A49AR Series 


ai 


SLT ti LG 


HTT 


254 





e HB56A49ATR Series 


8 89 max 
0 350 | | 


025 | 
0010 





e HB56A49BR/GBR Series 


nie 
254 Lin | 178 
0.100 0070 


73 66 


0 25.ma 
DetailA) joi 


Note: Following the specification of the contact pad. 


Part No. Contact Pad 
HBS56A49B4-XX Solder 
HBS6A49GBR-XX 
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HB56A49 Series 


° HB56A49A Series Unit: _ 


24.0 
0.945 


* 
0 
E 
(aa) 
- 
w 
N 


0.989 





e HB56A49AT Series 


15 Omax .| 


0.591 


2.54min 
0.10 





Note: Following the specification of the contact pad. 


Contact Pad 0.25 max. 
HBS56A49B-XX 
HBS6A49GB-XX 


DetailA 
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HB56A49 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vss V 
Supply Voltage Relative to Vss Vcc V 
Short Circuit Output Current mA 
Power Dissipation | Pp W 
Operating Temperature °C 
Storage Temperature eC 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


ee OO of Oe ee 
Supply Voltage 
3 


Note: 1. All voltage referenced to Vgs. 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vssg = OV) 














HB56A49B/GB/BR/GBR/A/AR/AT/ATR 
Parameter Symbol -6A ~-8/-8A -10/-10A Unit Test Condition Note 
| Min | Max | Min | Max | Min | Max | Min | Max | 
Operating 
comet [Year| - | | - | | - [mo | - | | ; 
Standby I 
Sutra as CMOS Interface 
mA | RAS, CAS 2 Vcc — 0.2V 
Dout _ High-Z 

RAS Only 
Rates | 100 | ~ | | - | me | - [wo | - | m 
Standby 
CAS Before 
RAS Refresh Icceé 720 
Current 
Page Mode = Mi 
Guat [ter | ~ | | ~ | we | — | we] — | 0 | ma | te = ; 
Input Leakage 7 _ _ 
Output Leakage OV < Vout < 7V 
een [wo | -2| @ | -0] | -0| | -w| | 4 | OS 
Output High 
Output Low = 
voter” [vou |e Lo [ ojo] o | oo | a4] v | tem som 


Notes: 1. Icc depends on output load condition when the device is selected, I¢¢ max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vjyq. 
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HB56A49 Series 
© Capacitance (Ta = 25°C, Vcc = 5V +10%) 


HB56A49 
Parameter Symbol BR/GBR/AR/ATR A/AT/B/GB Unit Note 





— 


Input/Output Capacitance (DQo_7) ie ee ee ee ee eee ee ae pF 1,2 
= |e {| - |» {| 


— 
N 


Output Capacitance (PQ) Co 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyq to disable Doyt- 


¢ AC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vgg = OV)1: 12, 15 
Read, Write and Refresh Cycle (Common Parameters) 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 





Parameter Symbol -6A Unit | Note 


; 
4 
> 
mn 
; 
S 
; 
Oo 





Min |} Max | Min} Max | Min | Max | Min Min |} Max | Min} Max e 
rams [| —[[— [| — foe] - [| - [oe — [> 
RASPaike Wisth [tras | 0 | Too00 | 70 | roo00| wo | 10000 100 10000] 80 | 10000] i00 | 10000 | a 
CAS Pulse Width 00 | 20 | 10000] 25 | 10000] 20 romo | 25 | 10000] as | 
now AddesSeupTine [vse [| —|of—|o{—[ol—|o]|—|o]— |» 
ee ee ee 8 el 
Setup Time ASC 
Se eee eee 
ee Oe cs 
CAS Hols Tine [cu | | — || — | w| — [iol — [| — [iw] — | om 
ed ee ee 
recharge Time 
mee PlePe Peper al. 
ReteshPeiod wer [—| 1 |-] »]-]«]-| «|-| «|-|«|m|a 
Read Cycle 





ny 
, 


< 
x) 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 
x | Min | Max | Min | Max 


Access Time from RAS tRAC 
Access Time from CAS 


cs 
cs 
Access Time from Address tae ee 


Read Command t 
Setup Time RCS 


Pas [— [25 [Pw | 4M 
Po [— [4s [mw [351416 
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HB56A49 Series 
Read Cycle (continued) 





HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Read Command t 

Hold Time to CAS | ‘RCH 

Read Command t 

Hold Time toRAS | RRH 

Column Address 

chaise [tear | 20 | — | 38 | — 
Output Buffer 

Taaptime [torr | | s | o | 


Write Cycle 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 
[Max | Min | Max | Min | Max | Min | Max 
ai Command 
etup Time 


Write Command 
Hold Time 





Write Command 
Pulse Width 


twcH 
Write Command t 
to RAS Lead Time | RWL 
Write Command t 
to CAS Lead Time | “CWL 


Data-in Setup Time 
Data-in Hold Time 


Refresh Cycle 





HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Pin [wax [in [Max [Min [| wax | in | Max | Min [ Max [ tn | Ma 


CAS Setup Time t 10 10 

(CAS Before RAS Refresh Cycle) | “CSR 

CAS Hold Time 

Castano RASreteacysa [te | | — | © | -| | -| | ||| »|-| = 
RAS Precharge to CAS 

— SUR oeoece | 
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HB56A49 Series 
Fast Page Mode Cycle 





Pin] Max [Bin] Max [in| Max [Min] Max [in| vax [Min[ wax 


Law fee 
citer [er || - [| - || - [ol - fw] - [oe] ~ | 
pet, [wwe |~ fw ~ fool — fro] = fo] — fs] — [nn] 
iitinaee | er |-| * [=| @ || 6 [=] @ [=| @ |=] © | |e 
caseeiwe wer] | - Lo] ~ fs] - || - |] - |] - | 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR a 


Test Mode Cycie 






HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


[ns As9B/GB/RR/GBR/ATARATIAIR 

Pain [ ax [Min [Max | Min | Mx [in [ wax | Min | Max [ Min [ Ma 
TarMoieWEseupTine fms | of —[o]—|o]—[o|—[o[—|o]-| m1 
Test Mode WEHoKTine [wae [10 | —[w{—|w]—-,wl—|»|—-|w]—| w=! 


Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 


3 
4. Assumes that tpcp 2 trcp (max), trap S tRAp (max). 
5 
6 






Parameter Note 



















. Assumes that trcp * trcp (max), trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 


voltage levels. 

7. Vi (min) and Vy; (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyy and Vj. 

8. Operation with the tpcp (max) limit insures that trac (max) can be met, tracp (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta,. 

10. Early write cycle only (twcs 2 twcg (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 ys is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13. trasc is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of taa or tcac or tcap. 

15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits ... RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Doy; and data input pin is Djy. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of trac, taa and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

17. trpF is determined by 1,024 refresh cycles. 
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e Read Cycle 


RRH 
<p 
tRCH 
Qa 


High-Z 


: Don't care 
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TEs 


-D-e eZ Vi 443. 


.- alt. VI 


ie 


. pe vn A at 
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HB56A49 Series 
e RAS Only Refresh Cycle 


a 


<—> 


se 2 a 
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HB56A49 Series 
¢ Hidden Refresh Cycle 


ae 
TT 


1 Yj : Don't care 
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HB56A49 Series 
e Fast Page Mode Read Cycle 


ty 


Address Yj ow) iin 
al 


: Don’t care 





0096-15 
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HB56A49 Series 
e Fast Page Mode Early Write Cycle 


ASR tas 
es ZA tow sum Wp cotomn 2 7) 


Yi 


V 
tOH 


ea 


t 


Din High-Z 





yy : Don't care 
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t 
¢—csk > ¢ CHR, ‘ »| crP 


t 
WS 4 > WH 


OPEN 


1 : Don’t care 





HB56A49 Series 


tws 


OPEN 


UY} : Don’t care 


t 
tRAH 
SP 


tasR 
Ro 


wwe Kl 


OPEN 


GY : Don‘t care 
Refresh address : AO — A9 (AX0 — AX9 


1 
2 





HB56D25632 Series 


262,144-Word x 32-Bit High Density Dynamic RAM Module 


@ DESCRIPTION @ PIN OUT 


The HB56D25632B is a 256k x 32 dynamic RAM module, HB56D25632B Series 
mounted 8 pieces of 1 Mbit DRAM (HM514256JP) sealed in 
SOJ package. An outline of the HB56D25632B is 72-pin sin- 
gle in-line package. Therefore, the HB56D25632B makes 
high density mounting possible without surface mount tech- 
nology. The HB56D25632B provides common data inputs 





and outputs. Decoupling capacitors are mounted beneath 11 falas 1 ieee 
each SOJ. 
@ FEATURES 36bin 37 pin 
e 72-pin Single In-line Package 
LOAG PROM asain we pate Sane ieee ta tai 1.27mm 
* Single 5V (+5%) Supply Pin Pin | Pin | Pin | Pin = Pin 
e High Speed No. <a No. | Name | No. | Name Name 
Access Time............ 60 ns/70 ns/80 ns/100 ns/ 
DQil 
cn Saeae cae Don 
¢ Low Power Dissipation 
Active Mode ................ 3.78W/3.36W/2.772W/ 3 | DQI6 DQ20 Vs DQ12 
2.31W/1.974W (max) 
Standby Mode.......e.seeescceseeees 84 mW (max) 4 | Dai | 2 | pas | 40 | CAs Dave 
° ae Mi end eee 5 } DQI7 ca DQ21 Pat | CAS2 Vcc 
: eiresn Uycie/6 ms 6 | DQ2 | 24 | DQ6 | 42 | | CASS | | 60 DQ29 
¢ 2 Variations of Refresh 7 D022 GASi DOL 
RAS Only Refresh Q Q Q 
CAS Before RAS Refresh RASO DQ30 
* TTL Compatie » foe | a7 | pes | as | Nc | @ | DOM 
ORDERING INFORMATION 0 Daa 
HB56D25632B-6A —T ae 12 Voc renee NC 
HB56D25632B-7A 72-pin SIP | ar | 31 | as | 49 | pgs | 67 | Vss 
HBS6D25632B-8A |  80ns | _—_Socket Type G pe | 68 | NC 
HB56D25632B-10A is | a3 | 33 | Ne | 51 | De | 69 | TBD. 
HB56D25632B-12A 16 RAS? DQ25 T2D: 
7 [as [35 | ne | 3 | pq] 1 | Ne 
@ PIN DESCRIPTION 
Pin Name Function 
Ap-Ag Address Input 
Ao-Ag Refresh Address Input 
DQo-DQ31 Data-in/Data-out 
CAS0- CAS3 Column Address Strobe 
RASO- RAS2 Row Address Strobe 
WE Read/Write Enable 
Vcc Power (+ 5V) 
Vss Ground 
NC No Connection 
HITACHI 
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HB56D25632 Series 
m@ BLOCK DIAGRAM 


0095-2 





0095-3 
A0~A8 @——————- > D0~07 
WE 00 ~D7 


* 00~07 :HMS14256 VEE pn D0~ 07 
CO~C7 P 
Vss o——__ > 00~07 


0095-4 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 789 


HB56D25632 Series 
M@ PHYSICAL OUTLINE Unit: ~_ 


| 


BS So8 ie | 
: , | es 
| re 
an 7 + hed 
aie 


£ 
& 
” 
NS 
m 


ra 
ale 1 STITT 
2.03,| 2m . . = | 
0.08 | . ; . : ; N'o | 
; ‘ ‘ 1.194 1.372 41.27 
ce ; ; 0.047 0.054 (- og °% °) 





PMetailA Note: The plating of the contact 
finger is gold. 





@ ABSOLUTE MAXIMUM RATINGS 
Value Unit 


Voltage on Any Pin (Input) —1.0to +7.0 V 


Parameter Symbol 


Input Low Voltage Vin 


| Value 
| = 10to +70 
_ Supply Voltage Relative to Vsg Vcc V 
Short Circuit Output Current mA 
M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to + 70°C) 
Sivsiy voltae ae Pk ee ae ee ee ee ee ee 
1 
ee ne 


Note 1. All voltage referenced to Vss. 
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HB56D25632 Series 
e DC Electrical Characteristics (T, = 0 to +70°C, Vcc = 5V +5%, = = QV) 


Parameter Symbol | OA | A | A | -10A | Note 
jer Mee Me Manin Mae Me pe 


TTL Interface 
mA | RAS, CAS = Viz 
Dout = High-Z 
Standby Current Icc2 eMios ae 
mA | RAS, CAS = Vcc — 0.2V 
Pro = High-Z 
RAS Only 
mac [= [-[=[=lo[=[l-[o[= [alae Dp 


CAS Before RAS 

a DeCeOscsoec 
Page Mode 

= SCRE EEE EEE ee : 
sea [ws [ol [ol [el [ol [oa] w fn faae 

urrent 

Output Leakage = OV < Vout. <7V 

se [aw [el = [el wel » [| [al | Pe 

Ouipub High 24 |Voc| 24 |Vcc| 24 | Veco! 24 | Voc] 24 | Veco} V | High Igy = —5mA 
Voltage 

Output Low ites 

emf fe fo] feed d= [=] [uv ftw 


Notes: 1. Ic¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vy,. 
3. Address can be changed once or less while CAS = Vyq. 


¢ Capacitance (Ta = 25°C, Voc = 5V +5%) 


Output Capacitance (DQ0-DQ31) | om | - | 7 | FF 1,2 
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CAS = Vy to disable Dot. 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +5%, Vgg = OV)1: 12 
Read, Write and Refresh Cycie (Common Parameters) 


Pain | Max | Min [wax [Min [ ax [Min [Max | Min [ Ma 
Random Rader WiteGyceTine | mo | ws — [wo] — [ro] — [ol — [mol — | a 
RAS Precharge Tim Ce [ss | - fot—-|w}—- [o|—|o|—| = 
RAS Pale Wit Cieas [0 | 10000 70 | 10000 | 80 | 10000 100 | roo00 | a0" | T0000 | or 
Row Address SeepTing | tas [0 | —-| of —|[o]|—-|[o]—|[o]—- |. 
Row Addras HoidTime | man LO | — [of —|e]—[s[—[s[— | 
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HB56D25632 Series 


Read, Write and Refresh Cycle (Common Parameters) (continued) 


Parameter Symbol 


Co 
; 
S 
S 
; 


Unit | Note 


CAS to RAS Precharge Time 


lead TENE ETE aE ap SEE 

Coiumn AddrenSeupTine [tac fo |—[o]—-[o]—[o]—|o]| —" 
RAS to Column Address Delay Time 9 

CAS Hold Time | tes | 60 | | 80 | — | too | — | 120] — | 

Sle ete aoe 

ea fe ee ee 


pom 


— 
wa 


Transition Time (Rise and Fall) t 50 7 
Refresh Period tREF Pose he 
Read Cycle 
Parameter Symbol | A Unit | Note 
Min [ Max | Min | Max [ Min | 
Access Time from RAS | 60 Lo = 100 120 23 
Access Time from CAS <a ee 3, 4 


Lo, 
w 
ian 


Access Time from Address 

Read Command Setup Time eer 
Read Command Hold Time to CAS tre =a 
Read Command Hold Time toRAS | trp | 10 | — | 
Column Address to RAS Lead Time | tra 30 a 
Output Buffer Turn-off Time 


+ S 


S gS 1d [a 

ce 0 > 

cE REREE: 7 
Wa Lo) GN 


tN & ftv 
Lee) Wi Ww 


aN 


Write Cycle 


Parameter Symbol -10 


Unit Note 


F 
=] 
Bi 
= 
F 
=| 
E 
5 
F 
Be 
F 
5 
Els 
s 
G 
5 
: 
F 
o 


10 
Data-in Setup Time tps EO! 
Data-in Hold Time ens a 


Refresh Cycle 


Cin [ Ma [Min [ Mix [in [Max [ Min [ wax [ Min | | 


CAS Setup Time t 10 10 

(CAS Before RAS Refresh Cycle) COR 

CAS Hold Time 

Crstewekesencwey | tom | 1 | = | is | = |» | ~ | | | | | 
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HB56D25632 Series 


Fast Page Mode Cycle 


Bassiaeles Symbol TA 8A Note 


Fast Page Mode Cycle Time tee | 45 | OU | eae | — | 
csremene [|| - || - [w| - |] - [a] - 
RaSrasewan | wase | — | namo] | mo | — | worm] — | ro | — 

Sime [ve [-| @ |=] |-| » |=] 2 [| 
estou [wer] «| - |] - |e} - |e] - fel - 


1. 
2. 


Notes: 


Nan kf W 


10. 
11. 
12. 


13. 
14. 
15. 


AC measurements assume ty = 5 ns. 
Assumes that tpcp © trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Assumes that tpcp 2 trcp (max), trap S trap (max). 

. Assumes that tpcp © trcp (max), trap 2 trap (max). 

. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 


voltage levels. 


. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyy and Vy. 


. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 


if trcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified tp ap (max) limit, then access time is controlled exclusively by ta. 

Early write cycle only (twcs 2 twcs (min)). 

These parameters are referenced to CAS leading edge in an early write cycle. 

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

trasc is determined by RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of taa or tcac or tacp. 

trEF is determined by 512 refresh cycles. 
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CS 


RAS 


ii 


os 


1 Address, Din, WE: Don't care 





HB56D25632 Series 
e Fast Page Mode Read Cycle 


TAA 
tacP 


a tOFF 
Valid ' ' Valid \ \ Valid ; 
( Output 1 Output 2 Output N 





: Don't care 





0095-10 
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HB56D51232 Series 


524,288-Word x 32-Bit High Density Dynamic RAM Module 


M@ DESCRIPTION 


The HB56D51232SB is a 512k x 32 dynamic RAM mod- 
ule, mounted 16 pieces of 1 Mbit DRAM (HM514256JP) 
sealed in SOJ package. An outline of the HB56D51232SB is 
72-pin single in-line package. Therefore, the HB56D51232SB 
makes high density mounting possible without surface mount 
technology. The HB56D51232SB provides common data 
inputs and outputs. 

Decoupling capacitors are mounted beneath each SOJ 
but only on the one side of its module board. 


@ FEATURES 


e 72-pin Single In-line Package 
Lead PCN s ecccfvenedenaatnst eae ae eevee 1.27mm 
¢ Single 5V (+5%) Supply 
¢ High Speed 
Access Time............ 60 ns/70 ns/80 ns/100 ns/ 
120 ns (max) 
e Low Power Dissipation 


Active Mode ......... 3.95W/3.57W/2.982W/2.52W/ 
2.184W (max) 
Standby Mode .................0 eee 168 mW (max) 


e Fast Page Capability 
e 512 Refresh Cycles/8 ms 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
e TTL Compatible 


m@ PIN OUT 


oO 


36 pin 37 pin 





. | Name | No. | Name | No. | Name | No. | Name 
DQ 
apf 20 [oe [xe fo 56 | Den 
| De | 21 | DQ | 39 | Vss_| 57 | DQ 


Vss 
ASO 


Zz 
i) 


B 
© 
ie 
NO 
o 
2) 
a 
5 
=) 
a 


y 
> 
A” 
ww 


2) 
> 
= 


OlLortrnl( analy art pf wtr tt — 
go 
2) 
— 
~l 
ie 
Ww 
w, 
2) 
= 
ie 
— 
OQ 
> 
~” 
NO 


rs 
> 
A 


— 
Oo 
a 
Q 
QO 
3s 
oo 


A/ENS 
QO 

a 

© 

AILA| RIA! OD a] 

v, 

2) 

w 

ro 







m@ ORDERING INFORMATION r 41 | WE DQs 
HBS6D51232SB-6A | 60ns_ = Ji asl 
HBS6D51232SB-7A a = DQoa Vss 
HB56D51232SB-8A |  80ns | acetal = = oI PDI 
HB56D51232SB-10A = 2 els 
HB56D51232SB-12A Z ae 

8 SN Vss 
m@ PIN DESCRIPTION 
Pin Name Function 
Aop-Ag Address Input 
Ap-Ag Refresh Address Input 
DQo-DQ31 Data-in/Data-out 
CASO-CAS3 Column Address Strobe 
RASO-RAS3 Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply ( + 5V) 
Vss Ground 
NC No Connection 
mM PRESENCE DETECT PINOUT 
Pin HB56D51232SB 
Srna 
© HITACHI 
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HB56D51232 Series 
m@ BLOCK DIAGRAM 


DQ4 
0Q5 
OQ6 
DQ7 


CAS1 
DQ8 01 CAS RAS 


DQ10 
DQi1 


DQ12 
DQ1i3 
0Q14 
DQIS 


MZ 
0097-2 





VY 
0097-3 
A0~A8 @&————— D0~D15 
WE @&———?D0~07 


* DO~D15: HM514256 Vcc @——--———— > 00~ 015 


CcO~C7 


Vss @————_l________p»p0~p15 


0097-4 
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HB56D51232 Series 
@ PACKAGE OUTLINE Unit: mm/inch 


UU UU 
Bo8BCe 
8°B8°Sa 


2-g3 175 |SbB808 

0.125 lsPpaeaces | 
R157 “t+ (0 OOD 3 
RO 062\ [th . 





3 175min 
minhnie_ inh h 


wus) ip 
Oe 
Wo 

2 03 HAT. 

0.08 0.05 R 1.57 


6 3 44.45 R 0.062 | 
. 1.75 : 


Detail A 


i eemeeieemnaeed 


2 S4Min. 
0 100 


1 Q7max 
0042 





@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
Voltage on Any Pin (input) = 1.010 +7.0 v 
Relative to Vg (Output) —1.0to +7.0 Vv 


Supply Voltage Relative to Vss Vcc —1.0to +7.0 V 


Short Circuit Output Current 50 mA 
Power Dissipation 6 W 


Operating Temperature Oto +70 ua & 
Storage Temperature me 5510: 125 © 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Parameter Symbol Min Typ Max Note 
ce a AO ee 
Supply Voltage 
3 


Note: 1. All voltage referenced to Vs. 
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HB56D51232 Series 
¢ DC Electrical Characteristics aul = 0 to + 70°C, Voc = 5V +5%, Vsg = OV) 


wameter [S991 an [Max] Min [Max] Min | Max] Min | Max 
Opaaing Comes lio [| = [| — | ow | — | — | 


Standby Current Icc2 
RAS Only 


Test Condition Note 


S 
=. 
oo 


TTL Interface 


NS) 
B 
> 





RAS, CAS = Vyzy 
Dout = High-Z 


CMOS Interface 


RAS, CAS = Voc — 0.2V 


ai |mafinc= min | : 


oN 
5 
> 


3 





nN 


S\< 
= =— Ned — 


Cane [cos | — | 70] — | oe | 

Page Mode Current | Icc7 lIccy | — | 760| — | 680] — | poe Fea bes 
eee GAGhoroe 
Current 

one rac tr ectarbehirhectirheh =10] 10 [04 | = Bl 
Ouspur Low Votuge [Vou | 0 [oa] o [os] 0 v 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vjyqyq. 


e Capacitance (Ta = 25°C, Voc = 5V +5%) 


AS 
—_ 
nN 


OV < Vout <= 7V 


Tele 
sae ie 
SERRE 
© 
< 
IA 
= 
Z 
IA 
~~ 
= 


j) 
_ 
oO 
eS 
© 
aN 


Input Capacitance (Address) Chi =e ee ee ee ee It 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyq to disable Doyt. 

¢ AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +5%, Vsg = OV)1: 12 

Read, Write and Refresh Cycle (Common Parameters) 


rs 
RAS Precharge Tie te Leto OTe ee a 
RAS Pulse Width ee eo aon 10000 | 100 120 | 10000 | ns | 
CS Pe With ooo [30 | 10000 [os 
Row Addie Setup Ti fae fet = Pet = fot = To Tae 
epee aa TO we RE OC A A 


g 
=) 
S" 
B 
& 
& 
Qa 
° 
| 
= 
o 
Q 
< 
& 
- 
=I 
oO 
bh 
se 
Lo) 
rs 
So 
— 
N 
os 
— 
\o 
slels 
S 
rom) 
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HB56D51232 Series 


Read, Write and Refresh Cycle (Common Parameters) (continued) 


CaS Hold Ti Tess | o[—[~o]—|o]— [mw] — [mo] — |» 
Transition Time (Rise and Fall) 3 | 50 | ns | 7 


Retesh Perio ea 


e Read Cycle 


Parameter Symbo 


Access Time from RAS Porn eB CMS 
Aces Time fom CAS ei mS | oe oe 
Access Time from Address thee Sh eed | — | 35 | — | 40 | — | | — | 
ReadCommandSetupTime | tres_ | 0 | — | 9 | ~ | 0 | ~ | 0 | ~| 0 | 
Read Command Hold Time to CAS tren: b0) dee 20 |, el mee ite, oe | 

10 


1 Ns 


OuputBuferTun-ofTine [tore | —[ 2 [-[»|]—-|»|[-|s|—-|»| 


¢ Write Cycle 


| 
Write Command Pulse Width | twp AO AO | ee i de eee Sf ses Op ee 


e Refresh Cycle 


Parameter Symbol 


| 


CAS Setup Time 
Geeks |e | | — | | —| «| ~| | ~ | w | - [ow 
CAS Hold Time 
Cmte cay |e | | — | 8 | - | » | |» | - | | - [ow 
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HB56D51232 Series 
¢ Fast Page Mode Cycle 


Parameter Symbol : ; Unit | Note 


Fast Page Mode Cycle Time tee =| 45 | — | 50] — | 55 | | ns | 

Fast Page Mode CAS Precharge Time ftcp | 10 | — | 10 | — | 10° [10 Fons | 

Fast Page Mode RAS Pulse Width a a ae 100000 | — | 100000] ns | 12 
o |= | © | os | 
| 60 {| — | os | 


F 
iS) 
3] 8] 
Ee 
nin 
a 
in 


Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap S$ trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max) and trap *S trap (max). 
. Assumes that trop < trcp (max) and trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vyyqz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyy and Vj. 
8. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of ta, or tcac or tacp. 
15. trpR is determined by 512 refresh cycles. 


Nar fb W 
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@ TIMING WAVEFORMS 
e Read Cycl 





teat 
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tRCD tRSH 
tCSH 
tCAs 


el asta AZZ 


« ze sop EE 


sie 





re HB . 
eR ly Refresh Cycle 
tRC 
OOOO 
<> 


sie B oF ~~ 
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HB56D51232 Series 
¢ Fast Page Mode Read Cycle 


Address 


G \ 
R 
Lf 


<> 
Valid \ ( Valid \ 
Output 1 Output 2 


cae REE 


: Don't care 
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Yj 


Li 


Y 
E 


7 


tOFF 
<> 


Valid \ 
Output N 





0097-10 
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e Fast Page Mode Early Write Cycle 


High-Z 


Dout 





GY : Don't care 
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HB56D132 Series 


1,048,576-Word x 32-Bit High Density Dynamic RAM Module 
@ PIN OUT 


l™@ DESCRIPTION 


The HB56D132BR/SBR is a 1M x 32 dynamic RAM mod- 
ule, mounted 8 pieces of 4 Mbit DRAM (HM514400JP/Au) 
sealed in SOJ package. An outline of the HB56D132BR/ 
SBR is 72-pin single in-line package. Therefore, the 
HB56D132BR/SBR makes high density mounting possible 
without surface mount technology. The HB56D132BR/SBR 
provides common data inputs and outputs. Decoupling ca- 


pacitors are mounted beneath each SOu. 36pin 37pin 
M@ FEATURES 
ep ; pa oe Package 1.27 Pin Pin Pin Pin Pin Pin 
: see : : : nen xe ddnade-giswe eas Cae a aes 27mm No. see ios Nae ones be Name: ch No: 
* High Speed | Vss_| 19 | Ne | 37 | NC | 55_ 
: ee ne vac 60 ns/70 ns/80 ns/100 ns (max) | DQ | 20 | DQ | 38 | NC | 56 | 
e ower Dissipatio 
~ Hees tone. : .4.62W/4.40W/3.96W/3.52W (max) 2 
Standby Mode...............ecee eee ee 88 mW (max) | DQ: | 22 | DQs | 40 | CASO 


e Fast Page Mode Capability 
e 1,024 Refresh Cycle 
e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
e TTL Compatible 


Mm ORDERING INFORMATION 





OlLopomi nial |[_ wld tf — 
g 
Le) 
_— 
~ 
G 
Ww 
w) 
2) 
= 
a 
— 
Q 
> 
NM 
Lo 
La 
je 


=) 
< 
Q 
fo) 
ee 
oo 
e 
~ 
Q}a 


Part No. Access Time Contact Pad 11 WE 
HB56D132SBR-7A 
@ PIN DESCRIPTION 
HBS56D132SBR-8A | 80ns_ | 72. pin hi: aa : 
HB56D132SBR-10A SIP Socket Type Pin Name Function 
HB56D132SBR-8 | 80ns__| Ag-Ag Address Input 
HB56D132SBR-10 | 100ns Aop-Ag Refresh Address Input 
DQo-DQ3] Data-in/Data-out 
CAS0-CAS3 Column Address Strobe 
RASO-RAS2 Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply (+ 5V) 
Vss Ground 
PD1-PD4 Presence Detect Pin 
NC No Connection 
© HITACHI 
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Pin 
Name 
DQi1 
DQo7 
DQi2 
DQo8 

Vcc 
DQv9 
DQ)3 
DQ30 
DQ14 
DQ31 
DQi5 

NC 

Vss 

Vss 

NC 

NC 

NC 


Vss 


HB56D132 Series 
@ BLOCK DIAGRAM 








01CAS RAS 
102 
1/03 






0Q12 VO1CAS RAS 
DQ13 02 





“Z 










01CAS RAS 
102 





VO1CAS RAS 
02 
V03 D3 






* DO-D7 :HMS14400JP/AJ vec. @——-— 0-7 


0155-2 
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HB56D132 Series 


@ PHYSICAL OUTLINE Unit 
“inch 
A 
107.95 
4.25 
101.19 £ 
3.98 E 
© 
nN 
So 











1.27 typ 
44.45 0.05 , 





0155-3 


Detail A 





Detail B 


Note: Following the specification of the contact pads. 






0 100 
0 25max. 
0010 
107max 


0.042 





0155-4 
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HB56D132 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Value Unit 
—1.0to +7.0 V 


Parameter Symbol 


Voltage on Any Pin (Input) 


| Symbol | Value | 
ees Re 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Dissipation | Pr fs W 
Operating Temperature 6 be af @ 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter a 


Input High Voltage 
Input Low Voltage 


I iw 

— |] ip 

oO 
wr Lal 
cS) Ss 
- 
to 
as 


Note: 1. All voltage referenced to a 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +5%, Vgs = OV) 





HB56D132BR/SBR 


Mi =e == 


BE 













Operating 
TTL Interface 
16 16 mA RAS, CAS = Ving 
Standby Dout = High-Z 





CMOS Interface 
RAS, CAS2 Voc — 0.2V 
lee = High-Z 


Current Ioc2 

mA 
RAS Onl 
Fe nt 1C fof feet ot = tt 


Standby I 

Current CCS 

CAS Before 

RAS Refresh | Ic 800 640 | mA | trc = Min 

Current 

Page Mode 

SSS CSS CSCS0SCo\ aaa, 
Input Leakage 

Output Leakage 7” _ _ OV < Vout = 7V 
Gana [| 10] 19 [-10] w ]-vo| © |-1] 10-0] w | ~0] 0 | oa OL a 
as tha = — Sm 
Output Low _ 

vate” [You | © joa] o [ea] © Joa] 0 Joa{ a fan) 0 [04] v |toming = 42m 


Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vyq. 
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HB56D132 Series 
e Capacitance (Ta = 25°C, Voc = 5V +5%) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy, to disable Doy:. 

e AC Characteristics (Ty, = 0 to +70°C, Vcc = 5V +5%, Vgg = OV)1: 12 

Read, Write and Refresh Cycle (Common Parameters) 





HB56D132BR/SBR 


nN 
, 
~—i 
: 
oo 
; 
: 


— | —_— 
wa > 
alo oS S\8 


Parameter Symbol - - Unit | Note 

Pax [in | ax | Min 

Paar or Write ine = 150 es, | = | 180 

RAS Precharge Time RP = eed if 04 

RAS Pulse Width 0000 | 100 | 

CAS Pulse Width 10000 10000 10000 

Row Address Setup Time tas | 0 | 

Row Address Hold Time tRA 


Column Address Setup Time | tas 
Column Address Hold Time | tca 
RAS to CAS Delay Time trc 


oo 


— we) tv we) - wHnliain 
ii 
nN _ No] = —_ iS) La 
5 
~” 
A 
a" 


— > = 
wo —a} bp — tj = > YvYirwri ys wo 
oOl1o wan Oflu (an) oO;o!lo oO 
i 
— and 
wa ww Wr 8 
oO wa —) 7) 
Lom] 
Oo we wa 


fc yt} & JO ja jO jy je jw jm 
N 
nN i) Oo rw. 


NO to wv 


RAS to Column Address 20 9 

Delay Time 

RAS Hold Time tRs esr 

CAS Hold Time | — | 100 | 

CAS to RAS Precharge Time | tcrp 1 ie Wo, | 

Transition Time 

(Rise and Fall) : , 

Refresh Period tRE fi 6. ee 15 
Read Cycle 





> 
~] 
; 


HB56D132BR/SBR 
Parameter Symbol - - - -10A oe IO Unit | Note 
[| Min | Max | Min | Max | Min | Max | 


rio | — [0 | — | 0 | m | 23 

= [ot — Pas [— [os [—[ os fm [3 

Sol eS ae) =e le as 
aes 


slE 
s 
a 


Access Time from RAS tRA 


QO 


- 
=) 
QD 
any 
w S 
© = 
aN 
— ww — 
bo 
5 


Access Time from CAS tca 
Access Time from Address | taa 
Read Command Setup Time | trcs 
Read Command _ 


MmiO}l]o = 


we = 
a 5 


Hold Time to CAS 

Read Command t 

Hold Time to RAS RRH 

Column Address to 

Coie Ada -fe|-|s|-[«|-[«|-| = 
Output Buffer 

one mae »toftofsfol mols» | s 


€ HITACHI 
814 Hitachi America, Ltd. « Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HB56D132 Series 
Write Cycle 





HB56D132BR/SBR 


Re GRES Eee 10 


rz 
DasinsaupTine [ws [0 [-[o[-][ol-[ol[-[ol-[ol-[=|n 
DatnintHoldTime |p | 1s[—|s[—[s}—-[»{[—-[s[—|[»|—| | 1 


Refresh Cycle 

















HB56D132BR/SBR 
ee Set et aw betel 
| Min | | Max | Min | | Max | | Min | | Max | 









CAS AS Setup Time_ 
(CAS Before RAS 
Refresh Cycle) 


CAS Hold Time _ 
(CAS Before RAS 
Refresh Cycle) 


RAS Precharge to 
CAS Hold Time 


SSScecsosceced 
Seeds oeoe oe 


Fast Page Mode Cycle 















HB56D132BR/SBR 


Fast Page Mode Cycle Time 

EAS eh Tin See es ese cess 
Fasmiewam asc | ~ | 00m] — | emo] — | emo] — | son] — [omen] — [oon] a | 
iene [ver |-| > |=] © |=] # [=| |=] @ |-/ #9 | o| 
Bice lwo! =| — [el - [el= [el [ol [ol - [= 


Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that tpcp * trcp (max) and trap S trap (max). If tpcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max), trap S trap (max). 
. Assumes that trop < trcp (max), trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vip (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vy. 
8. Operation with the trcp (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 
if tpcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 
10. Early write cycle only (twcs 2 twcsg (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of taa or tcac Or tacp. 
15. trp is determined by 1,024 refresh cycles. 


NU BB WD 
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HB56D132 Series 
@ TIMING WAVEFORMS 


RCD RSH 
SH 
tCAS 
———__—_——_> 
RAH 
Cc 





RH 
<>" 
t 


+> 


: Don't care 
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iz 3 
wales a 


ee 
« TI) Co 


“= 
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HB56D132 Series 


fa Se i= 
(| Column 2 YI Oi 


ee 


~~» 


' ) tAA 


tacP tacP 


e Fast Page Mode Read Cycle 


co 


tRRH 


tOFF tOFF 
<> 


{ Valid \ { Valid \ ( Valid \ 
Output 1 Output 2 Output N 


<> 





Uy : Don't care 
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HB56D132 Series 
e¢ Fast Page Mode Early Write Cycle 


PC RSH tRP 
<——$__—___—___»> >| |< >| [+> 
CAS tCAS 
tCR 






tWwcs 


AG 


© IVE NOVEL EMI 


Dout Higieg 


WY 
tDH 
<P» 





: Don't care 
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HB56D232B Series 


2,097,152-Word x 32-Bit High Density Dynamic RAM Module 


@ DESCRIPTION @ PIN OUT 


The HB56D232B is a 2M x 32 dynamic RAM module, 
mounted 16 pieces of 4Mbit DRAM (HM514400JP) sealed in 
SOJ package. An outline of the HB56D2328B is 72-pin single 
in-line package. Therefore, the HB56D232B makes high 
density mounting possible without surface mount technology. 
The HB56D232B provides common data inputs and outputs. 
Decoupling capacitors are mounted beneath each SOJ but 
only on the one side of its module board. 


@ FEATURES 


Lead Pichi nic 6 weixcase esas tat nneetawtien 1.27mm 
* Single 5V (+5%) Supply : esa No. | Name | No. | Name | No. | Name 





| 60 
RAS Only Refresh DQi3 
CAS Before RAS Refresh DQ, RASO DQ30 
| 66 


e TTL Compatible 


S 
SS 


No 
* High Speed ] -Yss_| | Ne | | NC | 85 | DQ 
Access Time ............ 80 ns/100 ns/120 ns (max) 2 OMS | DQ, | 38 | NC | 56 | DQ.7 
e Low Power Dissipation 3 1 D D 
Active Mode............. 3,99W/3.57W/3.15W (max) Qis Qa0 SS Qi2 
Standby Mode. aa yescoeininvpaectwunde 168 mW (max) 4 | DQs | 40 | CASO DQos 
e Fast Page Mode Capability 5 CAS2 Voc 
e 1,024 Refresh Cycles ............ 0. cece eee eee (16 ms) = 
¢ 2 Variations of Refresh 6 CAS3 DQo9 
7 
8 
9 


DQ14 
DQ31 


DQ15 
NC 


@ ORDERING INFORMATION 


— 
Oo 


~ 
© 





Package 


— 
—_ 











72-pin SIP 


wv, 
A 
— 
oo 
WiWiWwili Nn PNT wlw!] wN we 1] db | do 
~) 
2) 
NO 
i) 
Bo 
Ww | RO 
QO 
> 
™M 
— 





Socket Type 13 DQs PD, 
r [Ay] 50] Daas | 68 | PD; 
: 33 | RAST | st | De | © | PD; 
fia fe eee ee ee 
iT [as [3s | ne | 53 | DQ] 71 | NC 

@ PIN DESCRIPTION 

Pin Name Function 
Ao-Ag Address Input 
Ag-Ag Refresh Address Input 
DQo-DQ31 Data-in/Data-out 
CAS0-CAS3 Column Address Strobe 
RASO-RAS3 Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply (+ 5V) 
Vss Ground 
PD,-PD4 Presence Detect Pin 
NC Non-Connection 
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HB56D232B Series 
M@ BLOCK DIAGRAM 


CAS1 
DQ8 


DQ10 
DQ11 


DQ12 
DQ13 


DQ15 








A0~A9 e————-——> D0~D15 
WE e————»D0~D15 


* D0~D15 : HM514400J/P Veo © :D0~D15 
C0~C7 
Vsg  @——_L > 20~D15 


0132-2 
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HB56D232B Series 


M@ PHYSICAL OUTLINE 


9.144 max 
0.36 


00000 
00000 


00 





00000  o0000 


aaa 


DNOD 00000 pp 00000 noon 
goood ~opo0n 80 goood pond 
i 


00000 
O0000 


AUOGOUADED DD Ua ee saP RUE EDAUTIUUE 
: 1.04 
0.041 


00 
10 00000 
00000  o0000 


jam | 
co 
cs 
co 
j= ] 
ca 
eS 
oS 
co 
co 


00000 


Detail B 


0.25 max. 
0.010 





Note: The plating of the contact finger is gold. 
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HB56D232B Series 
@ ABSOLUTE MAXIMUM RATINGS 


Value Unit 
—1.0to +7.0 Vv 


Parameter Symbol 


Voltage on Any Pin (Input) 


| Symbol | Value 
ee ee 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Dissipation | Pr of 8B W 
Operating Temperature °C 
Storage Temperature 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


°o 
alo le A 


Vss ee a oe ae 
Supply Voltage 


Note: 1. All voltage referenced to Vss. 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +5%, Vsg = OV) 





es HB56D232B-8 | HB56D232B-10 | HB56D232B-12 | eae! - 
arameter ymodo ask e est Conditions ote 
Max | Min Min 
a Interface 
32 RAS, CAS = Vin 
Doyt = High-Z 
Standby Current Icc2 | Pa ae 
16 mA | RAS, CAS = Vcc — 0.2V, 
Dout = High-Z 
RAS Only 
= fo [= [= [=e t= [=f a 
Dou a 
CAS Before RAS 
Input Leakage : 
Output Leakage OV Ss Vout = 7V, 
Current Dout = Disable 


Notes: 1. Icc depends on output load condition when the device is selected, Icc¢ =i is ar at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vjy3. 
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HB56D232B Series 
e Capacitance (Ta = 25°C, Voc = 5V +5%) 





Max 
Input Capacitance (Address) Ci ae ee oe ae ae 1 
Input Capacitance (RAS, CAS) Cy ee eee ee ee ee 1 
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyq to disable Doyt. 
e AC Characteristics (T, = 0°C to +70°C, Voc = 5V +5%, Vgg = OV)1: 12 
Read, Write, and Refresh Cycles (Common Parameters) 
| Min | Max | | Min | | Max | Min =|) Max | 
Random Read or Write Cycle Time ae ee ne eae ae ae a 
Transition Time (Rise and Fall) ltr =| 3) of 50 sf 3 | 50 sf tos f; 
Read Cycle 
[in [Max [Min [Max [Min [Max | 
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HB56D232B Series 


Write Cycle 
yao! (Tain [Max | Min [Max | Min [Max 
Refresh Cycle 


Parameter Symbol 

CAS Setup Time ' , Mas es 
(CAS Before RAS Refresh Cycle) CSR 

CAS Hold Time ; 

(CAS Before RAS Refresh Cycle) CHR 

EAS eee AS Hold Tine ae ee ta 


Fast Page Mode Cycle 


13 
14 


mk 
S 
S 


Rr BB Ww 


nee Pe 
eee voto! [vin [Max [_Min_[ Max a _ | 
Fast Page Mode Cycle Time wef ss | — | ss fa ae 
Fast Page Mode RAS Pulse Width a eee 100000 
RAS Hold Time from CAS Precharge cd oe es teed 
Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap = trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that trcp 2 trcp (max) and trap * trap (max). 
. Assumes that tpcp < trcp (max) and trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vizz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vj. 
8. Operation with the trcp (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 
if trcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tag or tcac or tacp. 
15. trp is determined by 1,024 refresh cycles. 
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HB56D232B Series 


m@ TIMING WAVEFORMS 
e Read Cycle 


tac 


tt 
__ cman to 
tasR | 
tRAH IEE | 
ta 


address 7//) 2k DESH LLLLLLLLLLLLIL LL 


mie: 


WE LLL, ai the, P= 


Dout 
High-Z 


Di 





e Early Write Cycle 


=) 


TE Ea 


Address LL __fou FKL coun Ff LMLLLLLLLLLLLLL LLL Lt 
pis 


lve, 
we LLL WLLL 
ae NE se 


Dout  ALLLILLLLLLL LLL Ni IKLLLLLLLLLLLLLLL LLL 


High-Z 


Din 





“1/174 » Don't care 
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HB56D232B Series 
¢ RAS Only Refresh Cycle 


NROLLLLLL LL 


tasr 


address AA 8" KO LLLLLLLLLLL LLL LL LLL LLL LLL LLL 2 


High-Z 
Dout 
1 WE : Don't care 


2 V/1/A, : Don't care 


0132-8 





e CAS Before RAS Refresh Cycle 


1 Address, Din: Don't care 
2 Dout: High-Z 


3V////) : Don't care 





0132-9 
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HB56D232B Series 
¢ Fast Page Mode Read Cycle 


tc 
Address Trety ‘ ae aa XG: 


WE 


V// 7/4, - Don't care 





e Fast Page Mode Early Write Cycle 


mlecas poe? 


Address 7/7 Row _f ie = LAS i= KMLLLLLL 


twcs 


III hi LW 


tos 


Dout ALLLLLLLL 08s KLAR sone PA _wotn KYL, 


High-Z 


Din 


1/1/74 - Don't care 





0132-11 
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HB56D232BS/SBS Series 


2,097,152-Word x 32-Bit High Density Dynamic RAM Module 


@ DESCRIPTION m@ PIN OUT 


The HB56D232BS/SBS is a 2M x 32 dynamic RAM mod- 
ule, mounted 16 pieces of 4 Mbit DRAM (HM514400AJ) 
sealed in SOJ package. An outline of the HB56D232BS/ 
SBS is the 72-pin single in-line package. Therefore, the 
HB56D232BS/SBS makes high density mounting possible 
without surface mount technology. The HB56D232BS/SBS 
provides common data inputs and outputs. Decoupling ca- 
pacitors are mounted beneath each SOU. i 36 pin 37 pin 





@ FEATURES 
e 72-pin Single In-line Package Pj Pi Pi Pi Pi Pi Pi 
a ie a ae 1.27mm ela blige 
* High Speed Lvs [9 [ne [a7 [ne | 55 | Don 
Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 2 | DQ | 20 | DQ& | 38 | NC | 56 | DQ 
¢ Low Power Dissipation 3 | DQi6 | 21, DQ Ves DQ) 
Active Mode........ 4.83W/4.41/3.99W/3.57W (max) a. 
einaty Med ee 168 mW (max) 4 CASO DQos 
Reiss manana alga - 5 CAS? Voc 
® 1,024 MeTrTESN UCYCIE ........ 2... pe ww ee eee ee ee ones na ee 
e B Vanalionsist Refresh as 6 DQ: a — 
RAS Only Refresh 7 | DQis 208) DQ22 | 43 | | on 13 
™ ORDERING INFORMATION 10 | Veo DO; 
HB56D232BS-8A |  80ns__| SIP Socket Type 14 DQ | 68 | PD2 
HB56D232SBS-6A |  60ns 16 RAS2 PD4 





HBS56D232SBS-10A 


m@ PIN DESCRIPTION 


@ PRESENCE DETECT PINOUT 















HB56D232BS/SBS 

Pin Name Function -6A -7A -8A 
Ao-Ag Refresh Address Input ae ees 
DQo-DQa; Data-in/Data-out [pps | ne | Vs | No | 
CASO-CAS3 Column Address Strobe | pps =| NC | NC | Vss 
RASO-RAS2 Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply ( + 5V) 
Vss Ground 
PD1-PD4 Presence Detect Pin 
NC No Connection 
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HB56D232BS/SBS Series 


@ BLOCK DIAGRAM 
RASO RASI 
CASO 


0Q0 
DQ1 


DQ3 


7s 


rename 


CAS1 
DQ8 


0Q10 
DQ11 


DQ12 
DQ13 
DQ14 
DQ15 





7, 


RAS2 RAS3 





A0 - A9@————— D0 - D15 
WE @——PD0-Di5 


*D0-D15: HM514400AJ Vec oe -D15 
Beige ing D15 


0156-2 
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HB56D232BS/SBS Series 


M@ PHYSICAL OUTLINE mm 
Unit ah 






7.23 min 
10.285 








| Annanonnnfyinnnnnnnnnnoaionnnnnannnt --Aonnnnon innngonnannnnndaannconanoes 
ll 1.27 R1.57 Wi YK Le 104. \ 


U. R 0.062 B 0.041 mle cle 
N1O ojo 





0156-3 


Coooc 
CocoacacS 





Detail B 


Note: Following the specification of the contact pads. 






2.54Min. 
0.100 





0.25max. 
0010 






0156-4 
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HB56D232BS/SBS Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Value Unit 
—10to +7.0 V 


Parameter Symbol 


Voltage on Any Pin (Input) Vin 
Relative to Vss (Output) Vius 


| Value | 

| = 10t0 +70 _| 
[Vou [= 10470 |v 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Dissipation | Pp fs W 
Operating Temperature °C 
Storage Temperature Tote “Cc 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Ee ee 
Supply Voltage 
i 


Note: 1. All voltage referenced to Vsg. 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +5%, Vss = OV) 


HB56D232BS/SBS 
Parameter Symbol -6A TA 8A 


Operating 
Current Iec! ee pay 


Standby Current ae 
RAS Only 
Refresh Current ices | — | 920 





Note 


1,2 








TTL Interface 
RAS, CAS = Viry 
Dout = High-Z 


Standby 

CAS Before 

RAS Refresh Iccé 920 
Current 


Current 
Page Mode Current | I¢c7 


Input Leakage oe _ 

Current tL my ~ 

Output Leakage - _ 
VoH . ; 





= Es OV s Vout Ss 7V; 
Output High 
Voltage 


Output Low : 


Notes: 1. Ic¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed <1 time while CAS = Vyq. 
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HB56D232BS/SBS Series 
¢ Capacitance (Ta = 25°C, Vcc = 5V +5%) 


Input Capacitance (Address) Cry ae ie ae eee ee 1 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyq to disable Doyt. 


e AC Characteristics (T, = 0 to +70°C, Vcc = 5V +5%, Vsg = OV)1, 12 
Read, Write and Refresh Cycle (Common Parameters) 


HB56D232BS/SBS 


Parameter Symbol 6A TA 8A Unit 





Random Read or 
Write Cycle Time 


RAS Precharge Time | trp a 


Row Address t 

Setup Time ASR 

Row Address t 10 
Hold Time RAH 


Rn 


Column Address 
Setup Time 


tRC 
po | = 
Column Address 
RAS to CAS 
RAS to Column 
Address Delay tRAD 15 30 15 35 15 40 20 55 
Time 


tdi tae 1 oO | 


CAS to RAS ' 10 

Precharge Time CRP 

Transition Time 

(Rise and Fall) - 


Refresh Period tREF 


Bi 
ws 
=>} 
n 


— 
ON 
— 
ON 
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Note 


oo 


\o 


~l 


— 
G— 


HB56D232BS/SBS Series 








Read Cycle 
HB56D232BS/SBS 
Mi 
Access Time 
Access Time 
Access Time 
from Address tAA p- | »}-fsf-|*«}-|s f= ee 
Read Command t 
Setup Time RCS 
Read Command Hold t - 
Time to CAS RCH 
Read Command Hold t 
Time to RAS RCH 
Column Address to 
fataotne fea | © | - | s | - | @ | - [8 | - [= 
Output Buffer 
Write Cycle 
HB56D232BS/SBS 
Parameter Symbol 6A TA 8A Unit | Note 
Min Max Min Max Min Max Min Max 
Write Command t 10 
Setup Time WCS 
Write Command 
Hold Time nwCH es | - |») - |» | - fm | - | | 
Write Command 
Pulse Width ‘wp po | - | o | - | o | - |» | - [we 
Data-in t 11 
Setup Time DS 
Data-in 
ee te 1» t-l»l-l=l-lel-lel 
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HB56D232BS/SBS Series 
Refresh Cycle 





HB56D232BS/SBS 

iin [Max [Min [Max [Min | Max [Min | Mar 
CAS Setup Time 
(CAS Before RAS | tcspr 10 
Refresh Cycle) 
CAS Hold Time 
(CAS BeforeRAS | tcyR 10 10 
Refresh Cycle) 
RAS Precharge to 
nee meretetaretetatsisis 


Fast Page Mode Cycle 





HB56D232BS/SBS 


RAS Hold Time from 


CAS Precharge 'RHCP ena 


Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that trop S trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 


. Assumes that trcp 2 trcp (max), trap * trAp (max). 
. Assumes that tpcp < trcp (max), trap 2 trRAp (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vig (min) and Vyz_ (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyy and Vjz. 
8. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 
10. Early write cycle only (twcs 2 twcg (min)). 
11 These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of taa or tcac or tacp. 
15. tpgRF is determined by 1,024 refresh cycles. 


Fast Page Mode 

== eee 
Fast Page Mode ‘6 

CAS Precharge Time 

Fast Page Mode 

Access Time from 


Nn & WD 
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HB56D232BS/SBS Series 
@ TIMING WAVEFORMS 
ead Cycle 


“AT 
. pea 


RRH 
tRCH 
+> 
Y 


"Zp | az 
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HB56D232BS/SBS Series 






i tCAH 
A 


CAS ee 
RAH 
tas 


news 7/7/00 Kp chm MY// / 11 


= Y= \III)1l1lJIlr 


High-Z 


UY : Don’t care 


0156-6 
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HB56D232BS/SBS Series 
¢ Fast Page Mode Read Cycle 


F 
Ye 


Hp 


olumn N}) 


tRRH 


G' GG’ in 


GY tCAC tcac 


tCac 
<q > A +> 


<> 


tAA 
<——__» 


<> 
Output 1 Output 2 Output N 


———— ee 


yy : Don't care 





© HITACHI 
840 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


¢ Fast Page Mode Early Write Cycle 








J <= WT 


<_> 


_ Neat Neer on 1V//7 7 


High-Z 


aa) 
. ce 


Din 


i, 
74 : Don't care 
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HB56D25636 Series 


262,144-Word x 36-Bit High Density Dynamic RAM Module 


lm DESCRIPTION 


The HB56D25636B is a 256k x 36 dynamic RAM module, mounted 8 pieces of 
1 Mbit DRAM (HM514256JP) sealed in SOJ package and 4 pieces of 256k-bit 
DRAM (HM51256CP) sealed in PLCC package. An outline of the HB56D25636B is 
72-pin single in-line package. Therefore, the HB56D25636B makes high density 
mounting possible without surface mount technology. The HB56D25636B provides 
common data inputs and outputs. Decoupling capacitors are mounted beneath each 
SOJ and PLCC. 


M@ FEATURES 
e 72-pin Single In-line Package 
MGSO PCM scone bent enews beret eee ene ce ee te ee eee 1.27mm 
e Single 5V (+5%) Supply 
e High Speed 
ACCOSS: TIME so ieG enna tater oeeieedsw nxhnees 85 ns/100 ns/120 ns (max) 
e Low Power Dissipation 
Active Mode............. cece cece neces 4.24 mW/3.57 mW/3.02 mW (max) 
Standby MOde iss chateaxs ed nveer erence istee wens aelees 126 mW (max) 
e Fast Page Mode Capability 
512 Heres Cycle oes eose cee os. dds beeen eae a be Fa eee Shetueae (8 ms) 


e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
e TTL Compatible 


@ ORDERING INFORMATION 


HB56D25636B-85 
HB56D25636B-10 
HB56D25636B-12 















Package 


72-pin SIP 
Socket Type 


@ PIN OUT 





@ HITACHI 


Pin 


~ 
5 


Name 


< 
™M 
NM 


DQis 
DQ 
DQi9 
DQ? 
DQ20 
DQ 

DQ) 
Vcc 
C 


— 


9 
Aedadaaddat 


> 


>| > 


Q 
DQ22 
DQs 


oS 


2) 
oD 


DQo4 
DQ; 
DQ95 


NC 


~l 


Q 


A 
NC 
N 


oO 


<i 
QO a 


g 


° 
2) 
o 


7] 
,@) 
oo 


No. 


39 


41 


43 


a 
a 


fon ml aftaluriwna un pl] p ES wiw| aid 
fore) Aina} BR] ol] rm Oo ~I NS) colrjos 


45 


aw 
fon 


oN 
‘© | oo 


ua 
—, 


57 


WN 


59 


aN 
Ye) 


63 


nN 
oe a 


N 
~l 


70 
71 


~~] 
N 
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ax) 
5 


Name 
DQi7 
DQ35 
Vss 
CASO 
CAS2 
CAS3 
CASI 
RASO 
NC 
NC 
WE 
NC 
DQg 
DQ27 
DQi0 
DQo8 
DQi1 
DQ9 
DQi2 
DQ30 
DQi3 
DQ31 
Vcc 
DQ32 
DQi4 
DQ33 
DQi5 
DQ34 
DQi6 
NC 
PD, 
PD 
PD; 
PD4 
NC 
Vss 


HB56D25636 Series 
m@ BLOCK DIAGRAM 





CAS RAS 
DQ35 Din/out M3 


A0~A8 ¢——-> D0~D7, MO~M3 
WE ¢—————~ D0~D7, MO~M3 


*DO~D7 : HM514256JP Veco @————— > D0~D7, M0~M3 
Co~C11 
MO~M3 : HMS1256CP Vss DO~D7, MO~M3 
0128-2 
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HB56D25636 Series 
M@ PHYSICAL OUTLINE 


yy OM 
Unit: inch 


107.95 
4.25 
101.19 5 28 max 
= at = ee ein ae ts 3.556 °° -| 0.208 


las 75 min. 
a 





5.35 14! 14.4 A 1.194 _ 1.372 (127 typ) 
0.25 1.75 1.75 6.047 ~~ 0.054 = \0.05 
Note: The plating of the contact finger is gold. 
B 





Detail B 


0.25 max, 
= 0.010 





0128-3 
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HB56D25636 Series 
m@ PIN DESCRIPTION @ PRESENCE DETECT PIN ARRANGEMENT 









Pin Name Function HB56D25636B 
Ag-Ag Address Input 
Aop-Ag Refresh Address Input | PD; ~— | Vgg_—s| Vg Vss 
DQo-DQ35 Data-in/Data-out 
CASO, CAS3 Column Address Strobe 
RASO, RAS2 Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply (+ 5V) 

Vss Ground 
PD,-PD4 Presence Detect Pin 
NC Non-Connection 


m@ ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Relative to Vss Vcc V 
Short Circuit Output Current mA 
Operating Temperature °C 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Parameter Symbol Unit Note 


Supply Voltage 


Note: 1. All voltage referenced to Vss. 
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HB56D25636 Series 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +5%, Vss = OV) 



















Output Leakage 


Current ILo — 10 | 0 
Output High ; 

Voltage : Vou Voc 2.4 Voc Vcc High Ionup = —SmA 
Output Low ~ 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vjr. 
3. Address can be changed once or less while CAS = Vjqq. 


HB56D25636B 
Parameter Symbol ~85 -10 -12 
| Min | Max | Min | Max | Min | Max | 
TTL Interface RAS, 
24 24 24 mA | CAS = Vy, 
ee foc CMOS Interface RAS 
12 12 12 mA {| CAS 2 Vcc — 0.2V, 
Dout = High-Z 
RAS Only 
CAS Before RAS I 768 
Refresh Current CC6 
Page Mode 
Input Leakage 





¢ Capacitance (Ta = 25°C, Voc = 5V +5%) 


Input Capacitance (RAS) Cy | - [| 7 | FF I 
Output Capacitance 

C 17 F 1,2 
Dabo De DO DO-DeDo-Do | or | = | om | om 
Output Capacitance 

C 22 F 1,2 
hh D6, Da, D9 pve | - | = | 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vj to disable Doyt. 
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HB56D25636 Series 


® AC Characteristics (T, = 0 to + 70°C, Voc = 5V +5%, Vsg = OV)1, 12 
Read, Write and Refresh Cycle (Common Parameters) 


[Max [Min [Max 
ee AE ee 
ae et ee 


Parameter Symbol Unit | Note 


Random Read or Write Cycle Time 


RAS Precharge Time 

RAS Pulse Width 
CAS Pulse Width tcas 10000 
Row Address Setup Time taSR 

Row Address Hold Time ee 


Column Address Setup Time it eee 
Column Address Hold Time fee. 


Column Address Hold Time to RAS t 


Z Is |S |E 2 J 
6 |e IS |e |b a 


fara Tet 


ee 
ea 
ea 
= 
AR el 
RAS to CAS Delay Time Ss | ie | 8 
RAS to Column Address Delay Time | tra | 45 | zs 9 
RAS Hold Time trsH maw Ce eee 
CAS Hold Time tcsH Se | ae 
CAS to RAS Precharge Time ‘cat be eed ee 
Transition Time (Rise and Fall) ee ae 7 
Refresh Period a me oe = ae 15 
Read Cycle 


Refresh Cycle 


HB56D25636B-85 HB56D25636B-10 HB56D25636B-12 
Parameter Symbol U Note 


in x 
CAS Setup Time ; 
(CAS Before RAS Refresh Cycle) CSR 
CAS Hold Time ; A 
(CAS Before RAS Refresh Cycle) CHR 


RAS Precharge to CAS Hold Time 





a 
oO 
rh 
wa 
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HB56D25636 Series 


Write Cycle 
| Min | Max | Min | Max | Min | Max | 
Fast Page Mode Cycle 


Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that trop S trcp (max) and trap S trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
. Assumes that tpcp 2 trcp (max), trap S trap (max). 
. Assumes that trpcp S$ trcp (max), trap 2 tRAp (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Vi (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vjyz. 
8. Operation with the trop (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tag or tcac or tacp. 
15. trpp defines is 512 refresh cycles. 


Hu & Ww 
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HB56D25636 Series 


@ TIMING WAVEFORMS 
e Read Cycle 


tRRH 
Cl Tes 


Address 7//> = nie VLLLLLLLLLLL 2 


LL 


torr 


a Oe 


High-Z 


/ 1/7, Don't care 


0128-4 
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HB56D25636 Series 
¢ Early Write Cycle 


++ 


WE 


Dout 


Din 





moe verre 
ton | FE 


LLLLLLLLLLLLLL LM RLLLLLLLLLLLLLLLLL LAL 


(11, » Don't care 
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HB56D25636 Series 


e RAS Only Refresh Cycle 


si = 


LLLLLL EL 


tRAH 
tasr 


address A/D 9 KROL LLLLLLLILLLL LL LLL LLL LLL LLL 


High-Z 
Dout 
1 WE : Don't care 


2/44) : Don't care 


0128-06 





e CAS Before RAS Refresh Cycle 


tre 


1 Address, Din: Don't care 
2 Dout: High-Z 


3V//7/) : Don't care 


0128-07 
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HB56D25636 Series 
¢ Fast Page Mode Read Cycle 


Address 


WE 


Vl) / 1, > Don't care 


0128-8 
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HB56D25636 Series 
e Fast Page Mode Early Write Cycle 


tRASC 


tr tos : tec {RSH ~*~ 
= RCD ry a tcrp 
tRaD 
Address Ce KOK cK a Cx eI 
: 


twcs 
twcH 


| twp. i twp 
LLLLLLLLL2| | LL. | | WMLLEZZZz 


tos 


VLLLLLLL Laos KL scot? POR _icts POLL“ 


High-Z 


1/4, - Don't care 


0128-9 
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HB56D51236 Series 


524,288-Word x 36-Bit High Density Dynamic RAM Module 


M@ DESCRIPTION 


The HB56D51236B is a 512k x 36 dynamic RAM module, mounted 16 pieces of 
1 Mbit DRAM (HM514256JP) sealed in SOJ package and 8 pieces of 256k-bit 
DRAM (HM51256CP) sealed in PLCC package. An outline of the HB56D51236B is 
72-pin single in-line package. Therefore, the HB56D51236B makes high density 
mounting possible without surface mount technology. The HB56D51236B provides 
common data inputs and outputs. Decoupling capacitors are mounted beneath each 
SOJ and PLCC but only on the one side of its module board. 


mM FEATURES 
e 72-pin Single In-line Package 
LOAG: PHCN oi c.dvae sie cee oes a ho hho Wweglwad Va teg ee Goatees 1.27mm 
e Single 5V (+5%) Supply 
e High Speed 
ACCESS TMG oe4c she eis os ea eediGeie ees boas 85 ns/100 ns/120 ns (max) 
¢ Low Power Dissipation 
AGCWIVG: MOOG sn sutatuwes swat cease was ota’ 4.58W/3.91W/3.36W (max) 
Stanogby: Mode sic.d i 6h evans y nent Jae as 252 mW (max) 
e Fast Page Mode Capability 
@:5 12 eres GVCIO® is a's sere Gk Fore tae EA Re ee OAS RON pa eel (8 ms) 


e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
e TTL Compatible 


M@ ORDERING INFORMATION 


Socket Type 


m@ PIN OUT 





@ HITACHI 


Pin 
No. 


Pin 
Name 


< 
wn 
n 


DQi8 


9 
2) 


DQi9 
DQ) 
DQv0 
Q 
DQ? 
Vcc 


7 al Ba ea aa fog Pg 


Q 
DQ 22 


4 
nn 


KO 
~~] 


> 


YloigV Yio 9 z 
Aaaddddaudddnaddat 


Med < 
Z 
; alls 


091A 
BE 
a 1h 


y 
& 


No. 


39 


= 
Oo 


41 


43 


pp 
Bp 


45 


as 
a 


ati nafta]| wn nlp pap p w | w a7) 


BS 
\o 


aA | Ga 
rome 


5 


wr 
~ 


59 


61 


ON 
NO 


63 


nN 
at 


nN 
~I 


70 
71 


~ 
No 
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ax 
5 


Name 


DQi7 
DQ35 


CASO 
CAS2 
CAS3 
CASI 
RASO 
RAS! 
NC 
WE 
NC 
DQo 
DQo7 
DQi0 
DQo8 
DQi1 
DQ29 
DQi2 
DQ30 
DQi3 
DQ31 


DQ32 
DQi4 
DQ33 
DQi5 
DQ34 


DQ16 
NC 


PD; 
PD» 
PD3 
PD4 
NC 
Vss 


HB56D51236 Series 
@ BLOCK DIAGRAM 





No 


RA 
DQ35 Din/out M6 Din/out M 


A0~A8 e——--———> D0~D15, MO~M7 

WE e———> D0~D15, MO~M7 

Veo 1 &—_- > D0~D15, MO~M7 
C0~C11 

Vss e———1 ————» 00~D15, MO~M7 


0129-2 


*D0 ~ D15: HM514256JP 
MO ~ M7: HM51256CP 
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HB56D51236 Series 
M@ PHYSICAL OUTLINE 


Una: — a? 


9 40 max 
037 


is 175 min. 


A. 1194 _ 1,372 (322 ry) 
0.047 ~ 0.054 \0.05 


Note: The plating of the contact finger is gold. 


JUUUUUUUUUUUUUUUJUUJUUUUUUUUUUUU GUUS JU JU UUU UU UU UU 


AGL WG 
iin di 1 


a 


Detail A 


Detail B 
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HB56D51236 Series 





@ PIN DESCRIPTION M@ PRESENCE DETECT PIN OUT 
Pin Name Function HB56D51236B 

Aop-Ag Address Input 
Ag-Ag Refresh Address Input | PD; =| NC | ONC CL 
DQo9-DQ35 Data-in/Data-out 
CAS0-CAS3 Column Address Strobe 
RASO-RAS3 Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply ( + 5V) 
Vss Ground 
PD,-PD4 Presence Detect Pin 
NC Non-Connection 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
Voltage on Any Pin Relative to Vss (Input) oer M 
Supply Voltage Relative to Vss —1.0to + 7.0 V 


Short Circuit Output Current mA 


Operating Temperature Oto +70 © 
Storage Temperature —55to + 125 °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Vss aa Sian ORNS San RE, a | 
Supply Voltage 
a 


Input Low Voltage Vin 


—=l|wu 
low) 


; 


Note: 1. All voltage referenced to Vss. 
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HB56D51236 Series 
e DC Electrical Characteristics (T, = 0 to +70°C, Voc = 5V +5%, Vsg = OV) 


Bee svenboy |__1B56D51236B-85 HBS6D51236B-10_ | HBS6DSI236B-12_ | | sc 
arameter mvdo nl est Conditions ote 
tro = Min 1,2 


Operating Current | Icc1 
TTL Interface 
mA | RAS, CAS = Vyq, 
Dout = High-Z 









640 
48 





ae ee a ee ee 
etal ls 
Sena o eeeee |e CMOS Interface RAS, 
TE Ree 
erm fof -[=[- [=] — 
paroncorer too | = | | = | om | = 
Gear fo | — | om | = | m | = 
= 
= are 
ie [+ |i 
me fate ff [| | [efor 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc (max) is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vjr. 
3. Address can be changed once or less while CAS = Vyqq. 





e Capacitance (Ta = 25°C, Vcc = 5V +5%) 


Input Capacitance (Address) | cn =| — | wt | pF 1 
Output Capacitance (DQo_7, DQo- 16, DQig_25, DQ27_34) ee ee a ee 1,2 
Output Capacitance (DQ, 17, 26, 35) a ee ee ee ee ee 1,2 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyq to disable Doyt. 
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HB56D51236 Series 


e AC Characteristics (T, = 0 to +70°C, Vcc = 5V +5%, Vsg = OV)1: 12 
Read, Write and Refresh Cycle (Common Parameters) 





| OM in =| Max | Min | | Max | | Min | | Max | 
RAS Pulse Wii Cina [80 | 0000 [100 [10000 | 10 | 10000 | as | 
Read Cycle 
Write Cycle 
Parameter Symbol Mn Mas Note 
Write Command Pulse Width [twe | 15 | — [| 2 | ~— | 2 [| — | os | 
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HB56D51236 Series 
Refresh Cycle 


HB56D51236B-85 HB56D51236B-10 HB56D51236B-12 


Tin [Max [Min [Man 
ot be 
Le 4 we 
SS wes 


Parameter Symbol Unit | Note 


CAS Setup Time 
(CAS Before RAS Refresh Cycle) | CSR 


CAS Hold Time : a - 
(CAS Before RAS Refresh Cycle) CHR 
a a ee 


RAS Precharge to CAS Hold Time | trpc 


Fast Page Mode Cycle 


HB56D51236B-85 HB56D51236B-10 HB56D51236B-12 


Fast Page Mode RAS Pulse Width | trasc | 80 | 100000 | 100 | 100000 | 120 | 100000 | ns | 13 
Access Time from CAS Precharge ltacp | — | ae hs ooeee, al | ns | 14 
|truce | 50 | oo jas 


RAS Hold Time from CAS Precharge | trycp Le eee af a 
Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that tpcp S trcp (max) and trap S trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that trop 2 trcp (max) and trap * trap (max). 
. Assumes that tpcp < trcp (max) and trap 2 trAp (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vjy,. 
8. Operation with the trcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if tpcp is greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tag or tcac or tacp. 
15. trap is defined as 512 refresh cycles. 


NSN a & 
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HB56D51236 Series 
@ TIMING WAVEFORMS 
e Read Cycle 


trac 


jf tas | 
st 


— 


D el 
ka 


tRRH 


arial 'RGH 


aes ee ee ial 
torr 


te FS. 


High-Z 
Din \// 17, : Don't care 


0129-6 








@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 861 


HB56D51236 Series 


¢ Early Write Cycle 
tro 
; i“ 


| an 


tcas 


tasrR 
joe LE 
- MLLLLLL LLL 
Dame 


Address ‘ KY, < G 
LL Se CD MLLLLLLLLLLLL LLL LLL 


- eee 
Ale 


tos 


Dut LLLLLLLLLLLLLL LP, Ni, FRLLILLLLLLLLLLLLLLLE 


117A > Don't care 
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—____—__—__—. HB56D51236 Series 
¢ RAS Only Refresh Cycle 


RLLLLLLL 2 


tasr 


ndcress LDA KALLLLLLLLLLLLLLLLLILLLILLLLLL LLL 2 


Dout 
1 WE : Don't care 


2V///4/) : Don't care 


0129-8 





e CAS Before RAS Refresh Cycle 


trac 


a Sn 


1 Address, Din: Don't care 
2 Dout: High-Z 


30/7, : Don't care 





0129-9 
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HB56D51236 Series 
e Fast Page Mode Read Cycle 


tasr 


Address 


WE 


1/117, » Don't care 


0129-10 
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HB56D51236 Series 
¢ Fast Page Mode Early Write Cycle 








aS {RASC 
WE TITITI VogtVn eZ 
Dot YY ALA_ ings PLA, inotn IKI 
_ High-Z 
117. Don't care 
© HITACHI 
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HB56D136B Series 


1,048,576-Word x 36-Bit High Density Dynamic RAM Module 


M@ DESCRIPTION m@ PIN OUT 


The HB56D136B is a 1M x 36 dynamic RAM module, 
mounted 8 pieces of 4 Mbit DRAM (HM514400JP) sealed in 
SOJ package and 4 pieces of 1 Mbit DRAM 
(HM511000AJP) sealed in SOJ package. An outline of the 
HB56D136B is 72-pin single in-line package. Therefore, the 
HB56D136B makes high density mounting possible without 
surface mount technology. The HB56D136B provides com- \'37 pin 72 pin 
mon data inputs and outputs. Decoupling capacitors are 
mounted beneath each SOJ. 
















@ FEATURES Pin Pin Pin Pin Pin Pin Pin Pin 
© 72-pin Single In-line Package No. | Name | No. | Name | No. | Name | No. | Name 
Pi ie isla  r jem lee eu | 55 | Deu 
= Single 8V (5%) Supa > | pe [20 | per | 38 | Das | 56 | Dex 
e ee 
. Rees THING os.424 ow wars 80 ns/100 ns/120 ns (max) : DQ13 
* Low Power Dissipation 4 | Da | 2 | DQs | 40 | CAS DQ: 
Active Mode............. 5.25W/4.62W/3.99W (max) 5 DQ>3 CAS, Voc 
Standby Mode ................00 00 126 mW (max) ao 
e Fast Page Mode Capability 6 | D& | 24 | DQ | 4 | oie | 60 | DQs32 
* 1,024 Refresh Cycle .................. cesses ees (16 ms) 7 CAS; DQi4 
RAS Only Refresh 
CAS Before RAS Refresh 9 DQis 
™ ORDERING INFORMATION 2 2? WE DQi6 
12 A 30 V 48 NC NC 
Tee | Ao | 30 | Yoo | 48 | NC | 66 | 
16 | Ag | | 34 | | RAS, | ee | DQos | P70 | PD4 
r Doe | s+ | Dow | 72 | Ves 
m@ PIN DESCRIPTION 
Pin Name Function 
Ao-Ag Address Input 
Ao-Ag Refresh Address Input 
DQo-DQ35 Data-in/Data-out 
CAS9-CAS3 Column Address Strobe 
RASo, RAS? Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply (+ 5V) 
Vss Ground 
PD,-PD4 Presence Detect Pin 
NC Non-Connection 
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HB56D136B Series 
@ BLOCK DIAGRAM 


vo1 CAS RAS 
vO 





A0~AQ @————-———> D0~D7, MO~M3 
WE e————+D0~D7, M0O-M3 


"DO~D7 . HM514400UP Vec @——y———» D017, M0-M3 
Co~C11 
MO~M3 - HM511000JP D0~D7, MO~M3 
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HB56D136B Series 
M@ PHYSICAL OUTLINE 


SUPPORTED 
6.35 —+| 104 NA 
0.25 ee 4 vg 
0.041 yf ¢ 
44.45 N ae] 
1.75 


B 


Detail A Detail B 


0.25 max. 
= 0.010 


Note: The plating of the contact finger is gold. 
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HB56D136B Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Parameter =_— Unit 
Relative to Vss (Output) Vou V 
Supply Voltage Relative to Vsg V 
Short Circuit Output Current at a mA 


t 
opr 
stg 


Operating Temperature a Oto +70 at @ 
Storage Temperature le Tee —55to + 125 i © 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Note: 1. All voltage referenced to =a 
e DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V +5%, Vsg = OV) 


HB56D136B-8 HB56D136B-10 HB56D136B-12 


Parameter Symbol Unit Test Conditions Note 


Operating Current Iccy trc = Min 








ee ete te 
[Iocr_ | = | 1000 | — | 0 | — | 760 | m 
TTL Interface 
—— | ER EEE 
12 A | CAS 2 Vcc — 0.2V 
Dout = High-Z 
RAS Onl 
moon fw [-[=[-[=[- [> 
naruto [tos | — | 9 | — | om | — | mo | ow 
Input Leakage Current | Ty | — 10 ee 
Sete feet = font sent foe 
Output High Voltage VoH Vcc | 24 | Voo | 24 | Veo | Vv | High Ioup = —SmA 
7 a a eal 


aed 
aN 


Low Ionut = 4.2 mA 


Notes: 1. Icc depends on output load condition when the device is selected. Icc max is ees at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vyq. 


Output Low Voltage VoL 
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HB56D136B Series 
e Capacitance (Ta = 25°C, Voc = 5V +5%) 


Input Capacitance (Address) 
Input Capacitance (WE) 
Input Capacitance (RAS) Cy3 
Input Capacitance (CAS) C4 
Output Capacitance (DQo_7, DQg_ 16, DQig_25, DQ27_34) 
Output Capacitance (DQg_ 17, 26, 35) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyq to disable Doyt. 


e AC Characteristics (Ta = 0 to +70°C, Voc = 5V +5%, Vsg = OV)1: 12 
Read, Write and Refresh Cycle (Common Parameters) 


HB56D136B-8 HBS6D136B-10 HB56D136B-12 


Parameter Symbol Unit 


i) 


F 
ba 


Random Read or Write Cycle Time trc 


RAS Precharge Time trp 


RAS Pulse Width 


a 
es 
RAS 
CAS Pulse Width 
Row Address Setup Time enn 
Row Address Hold Time | tran | 12 | — | 
Column Address Setup Time lite “We iy eet =f 
Column Address Hold Time | ten | 2 | — | 2» | 
RAS to CAS Delay Time 
| tRaD 
| tes | ae 
| tos | Lema! 
| tcrp —— 
ca | 50 
| REF | 


10000 120 10000 


50 [0000 


nd 
Ww 
N — 
in tn 


OO 


i) 
aA 


RAS to Column Address Delay Time | trap 5 
RAS Hold Time tRsSH ioe | 
CAS Hold Time tcso_ | 80 | 100 | — | 120 
CAS to RAS Precharge Time tcRP ed 
Transition Time (Rise and Fall) ty 50 
Refresh Period tREF ae 6 Pe ee | Gg 


Read Cycle 


i 
i) 
nN 
wr 


to 
oO 


f) 


WA 
i) 


Access Time from RAS 120 


Unit 


| Min | Max _| 

trac | — | 8 | — | 10 | 
Access Time from CAS tcac eae ae SS 
Ve ee ee, ee eee 

Read Command Setup Time 20. WP eee Oe a ee 
Read Command Hold Time toCAS | tpcqy oe can ee ne ee ee 
Read Command Hold Time to RAS PO > ae IE Ae aes. 
ee aS ee aoe 

| o | wf] of 8s | 


we 
ro) 


Access Time from Address 


GT 
ws 


me io ” 


10 
Column Address to RAS Lead Time 55 
Output Buffer Turn-off Time tOFF 


w 
oS 
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Note 


oo 


Note 


2,3 
3,4 
3,5 


HB56D136B Series 


Write Cycle 
Refresh Cycle 

[Min [Max | Min [| Max | Min [ Max | “™* | N° 
Bitainewon [= [f= fe [-[ [- [= 
(CAS Before RAS Refresh Cycle) CSR 
aS Hola Ti 
Ueto [oe [= [— |» [= [= [= [= 
Fast Page Mode Cycle 
Fast Page Mode RAS Pulse Width trasc | 80 | 100000 | 100 | 100000 | 120 | 100000 | ns | 23 


Notes: 1. AC measurements assume ty = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap S trap (max). If trep or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max) and trap S trap (max). 
. Assumes that tpcp < trcp (max) and trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vj]. 
8. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if tpcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if tpAp is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of taa or tcac or tacp. 
15. trgR is 1,024 refresh cycles. 


Nar & 
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HB56D136B Series 


@ TIMING WAVEFORMS 
e Read Cycle 


“ 


ao 
Dm KP emia VLLLLL LL 2 


carl 
eee 


LZ. ei 


: Dont care 





e Early Write Cycle 


ty 


Address L/* ear te = MOE. VLLLLLLLLLLL LLL 2 


Hoe. 
ILLIA LLL LILLIE 


tos | 


MLLLLLLLLLLLLO et KLLLLLLLLLLLLLLL LLL 
High-Z 
A111 A : Doni care 
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HB56D136B Series 
¢ RAS Only Refresh Cycle 


re 
ae a 


RLLLLLLLL 2 


tRAH 
tasa 


Address LO KYL LLL LLL LLL LLL LLL 
High-Z 


Dout 
1 WE : Don't care 


2 * Don't care 





e CAS Before RAS Refresh Cycle 


1 Address, Din: Don't care 
2 Dout: High-Z 


3 S/1/) : Don't care 


4 WE oVIH 
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HB56D136B Series 
e Fast Page Mode Read Cycle 


mene 


Address aa ral aS ial si 


WE i = ie 


WY) : Don't care 





e Fast Page Mode Early Write Cycle 


Address ae nig a 


“An 


LLLLLLLLL 2 ee CLL P= op 7 


VLLLL LLL LD a ee LLL LL 


High-Z 


V////) : Don't care 


0133-11 
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HB56D136B/S Series 


1,048,576-Word x 36-Bit High Density Dynamic RAM Module 


Mi DESCRIPTION @ PIN OUT 


The HB56D136B/SB/BR/SBR/BS/SBS is a 1M x 36 dy- 
namic RAM module, mounted 8 pieces of 4 Mbit DRAM 
(HM514400JP/AJ) sealed in SOJ package and 4 pieces of 
1 Mbit DRAM (HM511000JP) sealed in SOJ package 
(HB56D136B/SB/BR/SBR) or 4 pieces of 1 Mbit DRAM 
(HM511000ATS) sealed in TSOP package (HB56D136SB/ 
SBS). An outline of the HB56D136B/SB/BR/SBR/BS/SBS 
is 72-pin single in-line package. Therefore, the HB56D136B/ 
SB/BR/SBR/BS/SBS makes high density mounting possi- 
ble without surface mount technology. The HB56D136B/SB/ 
BR/SBR/BS/SBS provides common data inputs and out- 


36 pin 37 pin 





puts. Decoupling capacitors are mounted beneath each SOJ Pin Pin Pin Pin Pin Pin Pin Pin 
or beside each TSOP but only on the one side of its module No. | Name | No. | Name | No. | Name | No. | Name 
board : Dar | 35 | Dd 
FEATURES 2 | Doo Qi 
* 72-pin Single In-line Package 3 DQ22 DQ)3 
. me eters Sears Siete 1.27 mm 4 | DQ; DQ; CASO DQ3; 
e Single +5%) Supply ——— 
* High Speed 5 | DQ | CAS2 Voc 
Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 6 | DQ | 42 | CAS3 DQ32 
e Low Power Dissipation 7 D D 43 | GASI D 
Active Mode...... 6.51W/5.88W/5.25W/4.62W (max) Q20 Qos | 43 | —— Qi4 
Standby Mode ..............00eesaee 126 mW (max) 8 | DQ DQ? RASO DQ33 
e¢ Fast Page Mode Capability 9 
e 1,024 Refresh Cycle ......... 0... cece cece wees (16 ms) 10 DQ34 


e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
¢ TTL Compatible 


M@ ORDERING INFORMATION 


Access Contact 


HBS6D136B/BR/BS-6A | 60ns | 


er a. 
N | — 


. 
>l>l>}]>| >| > z\|x<|2 


—s 
rs 


e 
\o 


PD» 
PD; 
PD, 
NC 


el ttl Me 
“LN I] on 


WE WlLWH PW _E_WLWIL WI NI NINN LN NVENW LN N [bd |{ — 
NEM R PW LNT | OPolraoflrl~ nfl nj; HE wWtENDO TR | Oo] wo 
21e 
WN 
Cl io 
NA} mn 
als 
sa}~4] ns nN ON NT ATO Mi Mimi an 
Nim | oO ~~ wm wi nNpnl wolprorint an 
2) 

—_ 

Ns 









HBS6D136B/BR/BS-7A ie ; DOs DQo Veg 

HBS6D136B/BR/BS-8A | _80ns | 72.pin SIP ee 

HB56D136B/BR/BS-10A | 100 ns | Socket Type m@ PIN DESCRIPTION 

HB56D136B/BR-8 | 80ns | Pin Name Function 

HB56D136B/BR-10 100 ns Ao-Ag Address Input 

HB56D136SB/SBR/SBS-6A | 60 ns Ag-Ag Refresh Address Input 

HB56D136SB/SBR/SBS-7A DQo-DQ35 Data-in/Data-out 

HBS6D136SB/SBR/SBS-8A | 80ns | 7.pin SIP eee CASO-CAS3 Column Address Strobe 

HB56D136SB/SBR/SBS-10A | 100ns | Socket Type RASO-RAS3 Row Address Strobe 

HBS6D136SB/SBR-8 | 80ns | WE Read/Write Enable 

HB56D136SB/SBR-10 Vcc Power Supply (+ 5V) 
Vss Ground 

M@ PRESENCE DETECT PINOUT PD|-PDg ae ee 

NC No Connection 
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HB56D136B/S Series 
@ BLOCK DIAGRAM 


*DO-D7: HM51400JP/AJ 
MO-M3: HM511000JP/ATS 





0Q8 @—————jDin/out MO 
CAS] 


9Q9 @———--—+41/01 CAS 
DQ10e@—————4 1/02 






RAS 








0Q11 —————/03 D4 
DQ12@————+ 1/04 


0Q13 
0Q14@———_———+ |/02 


US reece 6 06 
pot 


DQi6 
WE 


CAS RAS 
DQ17 Din/out M1 


RAS2 
CAS2 


0Q18 
0Q19 
0Q20 
DQ21 






0Q22 
0Q23 
0Q24 
0Q25 





CAS RAS 
0Q26 Oin/out M2 


CAS3 


0Q27 
0Q28 
D0Q29 
0Q30 


X 


0Q31 
DQ32 
DQ33 
0Q34 





WH. 


CAS RAS 
DQ35 Dinfout M3 


ANQ~A9 @——————— 00~D7, MO~M3 
WE @————?D00~D7, M0~M3 
VEC Oe > D0 ~ 07, MO~M3 


== c0~C11 
Vss 
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D00~07, M0O~M3 
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HB56D136B/S Series 


@ PHYSICAL OUTLINE Unit: 7 
¢ HB56D136B/SB 


nch 









-DetailA 


Smlinie: = 


J |i gis 


a7 Vet le Va 





| 
| 
| 
\ 
| 











Detail B 


wT (I y C 25max 











Note: Following the specification of the contact pads. 





ama 0010 
| ie | 
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HB56D136B/S Series 


m@ PHYSICAL OUTLINE Unit: 
© HB56D136BR/SBR 


DetailA 


Detail B 


Note: Following the specification of the contact pads. 
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HB56D136B/S Series 


™@ PHYSICAL OUTLINE vat 
° HB56D136BS/SBS 


107,95 
ne 119 5.28 max 

° “it 0.20 min | 0.208 
a i 


2-4 le 

| To 
Ris? _ |& Al yo win 
‘tii | TOS zefl, | 


UUOUOUOUOROON aaa UL; PS itt ae mnie UU Ts 





A 12 R157 0 aay 
nN one ° TIowlo 
23 ES a 5 voy | ox \ xa Fess 4: 
08 635_)_ 44.45 4. 025 40.45 wloolo = 0.05 
0.25 1.75 1.75 





Wit ono 


0157-7 





Detail B 


A 
2 S4Min. 
0.100 


Note: Following the specification of the contact pads. 


1O07?mar 


0.042 
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HB56D136B/S Series — @ —@ i —@ — 
M@ ABSOLUTE MAXIMUM RATINGS 


Value Unit 
—10to +7.0 V 


Parameter Symbol 


Voltage on Any Pin (Input) 


Vin 
V, 


| Value 

| = 1010 +7.0_ | 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Dissipation | Pr of W 
Operating Temperature x © 
Storage Temperature i & 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Vss a eae ae ae ee ees ee 
Supply Voltage 


Note: 1. All voltage referenced to Vgs. 
¢ DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V +5%, Vsg = OV) 
HB56D136B/SB/BR/SBR/BS/SBS 





nN 
: 


Parameter | Symbol 



















ion 

Operating 

ees | — [emt — fm] — [ol — [| — [om] — : 
TTL Interface 

24 24 24 24 24 24 | mA | RAS, CAS = Vyy 
Standby I Dout = High-Z 
Current ie CMOS Interface 
12 12 12 12 12 12 | mA | RAS, CAS2 Vcc — 0.2V 

Dout = High-Z 

RAS Only 

Rash Curene|tecs_| ~ [1240] — [110] — | 90] — | ow] — | 90] — | 24 | ma 

Standby I a“ = an 

Current CCS IL 

CAS Before 

RAS Refresh Iccé6 1200 1080 840 840 | mA |trc = Min 

Current 

Page Mode ae 

Cen” [tocr | — [1200] — [100] — |s20] — | v0] — |s20] — | eo/maluc=min | us 

Input Leakage 

Sure [tux | 10] 10 [10] 10 | -0] 10 | ~2o| 10 | ~10] 10 | 10] 10 | na fv s Va 57 

Output Leakage a ; = OV Ss Vout S 7V 

ae 10[ 10 | 10 1 | -20] 10 [10] 10 | -10) 10 | -10] 10 [wa [DS Lawn 

Output Low ea 

war fom Le [ewL ford « owl for] « [eel [oe] fra =m 


Notes: 1. I¢cc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed <1 time while CAS = Vjyqy. 
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HB56D136B/S Series 
e Capacitance (Ta = 25°C, Voc = 5V £5%) 


Input Capacitance (Address) ae ee ee, a ee a ee 1 
Input Capacitance (WE) Cr Sas 

Input Capacitance (RAS) a ia 

Input Capacitance (CAS) nee he ee 

Output Capacitance (DQ 17, 26, 35) 1 Cyn | — | , 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyp to disable Doyt. 


e AC Electrical Characteristics (Ta = 0 to 70°C, Voc = 5V +5%, Vsg = OV)! 12 
Read, Write and Refresh Cycle (Common Parameters) 


HB56D136B/SB/BR/SBR/BS/SBS 








Parameter Symbol Unit | Note 


an 
; 
~~ 
; 
oo 
; 
S 
: 


we ea] 
3 os 3/8 


Random Read or Write 160 
Cycle Time 

RAS Precharge Time trp 
RAS Pulse Width | 80 | 
CAS Pulse Width 


Row Address Setup Time tas 
Row Address Hold Time tRA 
Column Address Setup Time | tas 


Q 


| ed — 
WA ww 
eS) Ww —_ wml ~ai wn PE 
1 
rs Ciel 
—_ Wr we 4) 
5| 8 ag AE 
sn © aA SoS Lo.) aA 
wr winx S S 
So a Ww 


os ao o> of -> ot - et 
ys) Q |x w o) nw 
A |w~m QO 








0 | 
eee 
Column Address Hold Time | toa 2 
RAS to CAS Delay Time trc 8 
RAS to Column Address 9 
Delay Time 
RAS Hold Time 
CAS Hold Time | 80. | 80 | 
CAS to RAS Precharge Time | tcpp feslOel 10 | 
Tran sition Time 7 
(Rise and Fall) T 
Refresh Period F | = 15 
Read Cycle 
HB56D136B/SB/BR/SBR/BS/SBS 
Pi [nox rc Par 
Access Time from RAS ftrac | — | 60 | | 100 | | 100 | ns _ | 203 
Access Time from CAS ftcac | — | 20, 5 | 25 | ns | 3,4 


Das | m [as 
Read Command Setup Time ltrcs | 0 | — | 


a Command _ ‘inc | 0 | — 
old Time to CAS 

fautaeets [ome | | — [0 
marc” [ee [>| [>| —[o 
swarm om [=| = =| | =] 
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fed 
es 
Access Time from Address ERA ill i090" bee 
a 


wn 
wr 
Lo) 


35 


BEBE 


— 
Be 


HB56D136B/S Series 
Write Cycle 


HB56D136B/SB/BR/SBR/BS/SBS 





Pain [ ax | Min [ ax [Min [ Mix | Min | Max [Min [ax | Min [ar 
Wite ConmandSaupTine [wes | 0 [—[0]|—[0|—-|o]—-|o]|—-|o|—|m] 1 
Wiite Command Hold Tine [twex | 1S | — [1s — [2 }—|[2%|—|2%]—||—| 
Write Command Puke Wists [twe | 10 | — | 10 | —|is|— | %{—|is]—]||—| 
DaisinseropTine [ts | 0[—-[0]}—-[o0]/—-[o{[-|o]—|o|—|m] um 
Daten Hold Tim oe Ds P—[s[—[]—]~][—[»[— pe [= [os [a 


Refresh Cycle 











Parameter 







CAS Setup Time 
(CAS Before RAS 
Refresh Cycle) 


CAS Hold Time 
(CAS Before RAS 
Refresh Cycle) 


RAS Precharge to 
CAS Hold Time 








Fast Page Mode Cycle 





HB56D136B/SB/BR/SBR/BS/SBS 


Fast Page Mode Cycle Time tee =| 45 | — 


Fast Page Mode t 
CAS Precharge Time cP 


as | 
5 

a, seme] — [ome] — [om] — [om] — [vm] — [sl | 
= 


— 
S| 


Access Time from t 40 
CAS Precharge ad 

RAS Hold Time from 

sree "free? ©] — || — || — || — 


Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that trop S$ trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max), trap S trap (max). 
. Assumes that tpcp < trcp (max), trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vp (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyyy and Vy. 
8. Operation with the trop (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if tpcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of taa or tcac or tacp. 
15. trp is determined by 1,024 refresh cycles. 


HR & Ww 
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HB56D136B/S Series 
@ TIMING WAVEFORMS 
Read Cycle 


ce 
a 
v, 
x 
ond 
im) 
DB ice 
vw [Dw 
vw 


ce 
‘@) 
LV) 


== a 


ri (J : 
Tope | 


VI. 


RRH 
<> 
tRCH 


to 
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tT tRCD tRSH 
tCSH 
tCAS 
tASR 
———p> 
) RAH 
tAS 


- Be ZZ 


si 





<—> 


A > 42h Zz 
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HB56D136B/S Series 


¢ Fast Page Mode Read Cycle 
tRASC 





] tRHCP 


tT tCSH 
ee tCRP 


Y, 
Address Yj (| Row IG7corrn +) 


: se tRRH 
: ge epee He 








E 
TAA 
tacp tacP 
tOFF tOFF tOFF 
Dout Valid \ Valid \ Valid I 
Output 1 Output 2 Output N 


tRAC 
> 


High-Z 





Din 


: Don't care 


0157-13 
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¢ Fast Page Mode Early Write Cycle 


gpk sa abwil 
Yy a n ani n a 








tWCS B 
: 


oo Yj eee Gr 2 IG. WY - 


High-Z 
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HB56D236B Series 


2,097,152-Word x 36-Bit High Density Dynamic RAM Module 
@ PIN OUT 


M@ DESCRIPTION 


The HB56D236B is a 2M x 36 dynamic RAM module, 
mounted 16 pieces of 4 Mbit DRAM (HM514400JP) sealed 
in SOJ package and 8 pieces of 1 Mbit DRAM 
(HM511000AJP) sealed in SOJ package. An outline of the 
HB56D236B is 72-pin single in-line package. Therefore, the 
HB56D236B makes high density mounting possible without 
surface mount technology. The HB56D236B provides com- 
mon data inputs and outputs. Decoupling capacitors are 
mounted beneath each SOuJ but only on the side of its mod- 








ule board. Pin Pin Pin Pin Pin Pin Pin Pin 
@ FEATURES No. | Name ; No. | Name | No. | Name | No. | Name 
* 72-pin Single In-line Package 1 | Vss | 19 | NC | 37 | DQn | 55 | DQn 
ea etter 1 27mm > | Da» | 20 | Da | 38 | DOs DOs 
oHepcecea 3 | DQis DQ? Vss DQu3 
Access Time ............ 80 ns/100 ns/120 ns (max) 4 CASo DQ31 
¢ Low Power Dissipation 5 CAS) Vcc 
Active Mode...... 5.57 MW/4.94 mW/4.31 mW (max) 6 DQ | 24 | DQ. | 42 | CAS 60 DQ 
Standby Mode ..............eeee eens 252 mW (max) 2 a2 
e Fast Page Mode Capability 7 | DQ DQ. CAS; DQi4 
© 1,024 Refresh Cycle .......... 00. cceceee een ees (16 ms) 3 RASo DQ33 
e 2 Variations of Refresh <= 
RAS Only Refresh 9 RAS| Ds 
CAS Before RAS Refresh 10 46 DQs4 
M@ ORDERING INFORMATION 12 | Ao | 30 | Voc | 48 | NC | 66 | NC 
Part No. Package 13 | Ar | 31 | As | 49 | DQ | 67 | PD, 
HBS6D236B-8 | = 80ns_— i DQo7 | 68 | PDz 
HB56D236B-10 oe is | As | 33 | RASs | 51 | DQio | 6 | PDs 
Deas | 3 [Don | 7 | NC 
m PRESENCE DETECT PIN OUT E DQ 5 








@ HITACHI 


888 


HB56D236B 

| insane |} — mais @ PIN giant | 

| PD; | Nc | NC | Pin Name Function 

Ao-Ag Refresh Address Input 

DQo-DQ3s Data-in/Data-out 
CASo-CAS3 Column Address Strobe 
RASp-RAS3 Row Address Strobe 
WE Read/Write Enable 
Vcc Power (+ 5V) 
Vss Ground 
PD,-PD4 Presence Detect Pin 
NC Non-Connection 
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HB56D236B Series 
mM BLOCK DIAGRAM 


12 
CAS RAS CAS RAS 
M4 Dirvout M3 


vo1 CAS RAS 
vo2 





A0~AQ e——-———-——> D0~D15, MO~M7 
WE e————+ D0~D15, MO~M7 


*D0~D15 HM514400UP Vcc Se D0~D15, MO~M7 
Co-C11 
MO~M7 . HM511000UP Ves o> 20~-D15, MO-M7 





0134-2 
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HB56D236B Series 


@ PHYSICAL OUTLINES Unit. ~ 


, TH 
UU ee ; 


6.35 1.04 
0.25 0.041 


Detail A Detail B 


Note: The plating of the contact finger is gold. 
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HB56D236B Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Supply Voltage Relative to Vsg Vcc V 
Short Circuit Output Current mA 
Power Dissipation W 
Operating Temperature of @ 
Storage Temperature "C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


a 


Note: 1. All voltages referenced to Vgs. 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +5%, Vsg = OV) 


HB56D236B-8 HB56D236B-10 HB56D236B-12 


Parameter Symbol 


2 


trc = Min 


TTL Interface 
RAS, CAS = Vix, 
Dout = High-Z 


CMOS Interface RAS, 
CAS 2 Vcc — 0.2V, 
Dout = High-Z 


Vin, 

120 120 VIL 1 
Enable 

CAS Before RAS 

Page Mode Current vias on | mA | tpc= Min | = Min 


Input Leakage 
Output Leakage OV < Vout = 7V, 
Current meee = Disable 


Output High Voltage oe 


Notes: 1. Icc¢ ere on aaa load condition when the device is selected, I¢¢ max is as at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less CAS = Vyqq. 


Operating Current Icc1 


| Min | Max | Min | M 

ed ee 
Standby Current Icc2 gz 

See 














RAS Only 
Refresh Current 


Standby Current Icocs 
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HB56D236B Series 
e Capacitance (Ta = 25°C, Vcc = 5V +5%) 


Parameter Symbol Max Note 
Input Capacitance (Address) a 


| Tp | 
ee 
Input Capacitance (RAS, CAS) ae eae 


Output Capacitance (DQo_7, DQ9_ 16, DQig-—25, DQ27_-34) Cryol 


Output (DQs, 17, 26, 35) | ago | — | » | 9 | 1,2 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyzz to disable Doyt- 

e AC Characteristics (T, = 0 to + 70°C, Voc = 5V +5%, Vgg = OV)!: 12 

Read, Write and Refresh Cycle (Common Parameters) 


Parameter Symbol 


Random Read or Write Cycle Time tr 


a ge 
RAS Precharge Time 
RAS Pulse Width | tras | 80 | 
Row Address Setup Time f tare | 0 | — | —_ 
__ Row Address Hold Time f tran | 22 | — | 5 | — | ie eae il 
Column Address Hold Time | tcan | 2 | — | =e 
| trop oe 
| trap | 
[tes 
tes | 
| torp 
La eal 
| trer | 


a 
a 


oo 


RAS to Column Address Delay Time tRAD 65 9 
| 50 1 


Transition Time (Rise and Fall) tT 50 


io] 
— 
wa 


Read Cycle 
Access Time from CAS 7 A ER A I 3,4 
Access Time from Address | pe fs FB BL 3,5 
Read Command Setup Time ltrs | o | — | o [| — | o | 
Read Command Hold Time to CAS we eae eee eee 
Read Command Hold Time to RAS Cee 2 See eae See 
Column Address to RAS Lead Time a ae eS a eee 
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HB56D236B Series 
Write Cycle 


HB56D236B-8 HB56D236B-10 HB56D236B-12 
Parameter Symbol Unit Note 
Max Max 


| Max | 
Write Command Setup Time Le | 
Write Command Hold Time | twor | 20 | — | 23 | 
Write Command Pulse Width | twe | oo [| — | 
Data-in Hold Time toH a ae een 


Refresh Cycle 


10 


HB56D236B-8 HB56D236B-10 HB56D236B-12 
Parameter Symbol Unit Note 


CAS Setup Time 
Gmbackisrcey |e | © | - | » | - |» | = | = 


CAS Hold Time a 
(CAS Before RAS Refresh Cycle) CHR 


RAS Precharge to CAS Hold Time 


Fast Page Mode Cycle 


Parameter 


Sa HB56D236B-8 HB56D236B-10 HB56D236B-12 ne nea 

mbo ni ote 

Fast Page Mode Cycle Time = ae | 
50 


| Min | Max | Min 

ae a ee ee 

Fast Page Mode CAS Precharge Time | tcp | 1 {| — | 10 | 
| 80 | 

= 


Fast Page Mode RAS Pulse Width 
Access Time from CAS Precharge 


Min 
55 
10 
a 
RAS Hold Time from CAS Precharge 


Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that tpcp S$ trcp (max) and trap < trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max) and trap * trap (max). 
. Assumes that trpcp S$ trcp (max) and trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
7. Vi (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy} and Vj,. 
8. Operation with the trcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 
if trcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the tp ap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 
13. tpasc defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of taa or tcac or tacp. 
15. trp defines is 1,024 refresh cycles. 


= 
Loe! 
= 


Nn & OW 
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HB56D236B Series 


m@ TIMING WAVEFORMS 
e Read Cycle 


* 
we 


ve 
4 LLL 
acs! 
LLL 


LLLL 


nara ie 
eis beet 
SA | ae, 


=> 
Output 


Z 





: Don't care 


¢ Early Write Cycle 


ive, 
LLL | KILL 
_ twa _ | 


mo 


LLLLLALLLLLLL OD ee : KL LL LLL hh ttt et ltl 
eae OR RR MORE ATR 5, Sp eres EIT Ca 
S117, : Don't care 
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HB56D236B Series 


e RAS Only Refresh Cycle 


High-Z 


1 We : Oon't care 


2 : Don't care 





e CAS Before RAS Refresh Cycle 


a 
1 Address, Din: Don't care 
2 Dout: High-Z 


3 : Don't care 


4 WE =VIH 
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HB56D236B Series 
e Fast Page Mode Read Cycle 





ty 
tasr : 
ea 
Address DR KY 


/f 4 


WE 


: Don't care 


0134-10 


e Fast Page Mode Early Write Cycle 


896 





- ==S 04 


ae = 
t 


pee 


» 


Address : : 4 t ce, CLLLLLL 
They “Te 7 
LLL | | WN | WLLL 


t 


LLLLLLLL LLP _wts KLIP VLR_ vests KL 


h-2 


: Don't care 


0134-11 
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HB56D236B/SB Series 


2,097,152-Word x 36-Bit High Density Dynamic RAM Module 


m@ DESCRIPTION 


The HB56D236B/SB/BS/SBS is a 2M x 36 dynamic 
RAM module, mounted 16 pieces of 4 Mbit DRAM 
(HM514400JP/AJ) sealed in SOJ package and 8 pieces of 
1 Mbit DRAM (HM511000JP) sealed in SOJ package 
(HB56D236B/SB or 8 pieces of 1 Mbit DRAM 
(HM511000ATS) sealed in TSOP package (HB56D236SB/ 
SBS). An outline of the HB56D236B/SB/BS/SBS is 72-pin 
single in-line package. Therefore, the HB56D236B/SB/BS/ 
SBS makes high density mounting possible without surface 
mount technology. The HB56D236B/SB/BS/SBS provides 
common data inputs and outputs. Decoupling capacitors are 
mounted beneath each SOJ or beside each TSOP but only 
on the one side of its module board. 


Mm FEATURES 


e 72-pin Single In-line Package 

EGG PIC ccc ccsketetetteua see ous eases 1.27 mm 
¢ Single 5V (+5%) Supply 
e High Speed 

Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 
¢ Low Power Dissipation 

Active Mode .6.825W/6.195W/5.565W/4.935W (max) 


Standby Mode ...................06. 252 mW (max) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycle .......... 0... ccc cee eee eee (16 ms) 


e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
e TTL Compatible 


M ORDERING INFORMATION 






Part No. Access Time Contact Pad 
HB56D236B/BS-6A 
-HB56D236B/BS- TA 


70 ns 
‘HBS56D236B/BS- 8A 80 ns 


72-pin 








@ PIN OUT 


36 pin 37 pin 





aM 
No. | Name | No. | Name | No. | Name | No. 
vss [19 | ne] 37 | Daur | 35 | 
| 20 | DQ | 38 | DQs | 56_ 
DQis ee ee 
ee eee 


— 


ie 
2) 


ov, 
4) 
oe) 


le 

as 
e 
.?) 
bo 
> 


o 
2) 
= 


Oo },ool~) an] nit | Ww J dw 
Big 
DIO 
8 [ss 
bo 
BE 
RO 


ets 
aI 
45_| RASI | 6 
| Nc | 64 
| WE | 6 
Vec axes 

car 

[ote | 6 


aeaee 
z 


— 
© 


> 
a [Tn w IN f= [oO [OO O 
Ww} Nt — 
4 
ow) 
© all 3 


| = 
Z 
fo 


— 
ww 


—f— 
Ni nm 
ow) 


—_ 
~l 


18 


HBS6D236B/BS-10A SIP Socket Type] °° 
HBS6D236B 8 eae ™@ PIN DESCRIPTION 
HB56D236B-10 Pin Name Function 
HBS56D236SB/SBS-6A Looe Ao-Ag Address Input 
‘HBS6D236SB/SBS- 7A Aog-Ag Refresh Address Input 
‘HBS6D236SB/SBS- 8A oe DQo-DQ35 Data-in/Data-out 
H®°5D236SB/SBS-10A SIP Socket Type CAS0-CAS3 Column Address Strobe 
HBS6D236SB-8 | 80ns RASO-RAS3 Row Address Strobe 
HB56D236SB-10 WE Read/Write Enable 

Vcc Power Supply (+ 5V) 
M@ PRESENCE DETECT PINOUT 

Vss Ground 

PD,-PD4 Presence Detect Pin 

NC No Connection 

€ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





Pin 
Name 
DQi2 
DQ30 
DQi13 
DQ31 

Vcc 
DQ32 
DQ14 
DQ33 
DQi5 
DQ34 
DQi6 

NC 

PD1 

PD2 

PD3 

PD4 

NC 


Vss 


897 





HB56D236B/SB Series 
@ BLOCK DIAGRAM 


DQ7 


7 


DQ8 
CAS1 


DQ9 

DQ10 
DQi1 
DQ12 


0Q13 
DQ14 
DQ15 
DQ16 


DQ31 V01CAS RAS 
DQ32 02 
DQ33 03 O15 
DQ34 04 

OE 


OE 
Bae | | 
CAS RAS RAS CAS 
DQ35 Din/out M6 Din/out M7 


A0 -A9@———-— D0 - 015, M0 - M7 
WE @————PD0-D15,M0-M7 


Vcc Or een ea -D15, MO —- M7 
co-Cci1 
s e——l—__»0- p15, mo-M7 





0158-2 
*DO-—D15: HM514400JP/AJ 
MO-M7: HM511000JP/ATS 
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HB56D236B/SB Series 


@ PHYSICAL OUTLINE opie 


inch 
e HB56D236B/SB 






beet TY 
~ens 
one. 
aie 
-_ 
-6 . 
= 
-—@ . 
— 
-—@ . 
~ 
egy o) 





+ (oe) 
ji 
LOURPEETEUCOSUTPETE ENE rooney T_] = 2 
6.35 ‘ 








. 4 
~ 0.25 siL1-04 slo elo 
“0.041 nje sje 
es 44.45 2 = 
i 1.75 





0158-3 





Detail B 


2 54Min. 
a Note: Following the specification of the contact pads. 


0158-4 







0.100 
0.25max. 
0.010 
107?max 


0 042 
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HB56D236B/SB Series 


mm 
@ PHYSICAL OUTLINE (continued) Unit: 


¢ HB56D236BS/SBS 





; ; 2.3 
u-0.20min 984 0.3 


2 | ~0,008 EY 


sags (L— , 
RO. ! _ ~ 
0.062 WA | Hon (toon wt? 

To 


it QUDURGUU REA C ORCC OROO RAR RAADDAGH TU Me mae 
27 R 1.57 ie, 






1 
id of R00 mies 
203 gs peel L635) B memle 4.27 
635 | 44.45 ales 44.45 i -05 
0.25 1.75 1.75 





0158-5 


Detail A 


| 6ons | Tons | 8s | 100s 





pooS | PAGS | } eoee 
nanonann | ooonanong | oonaoonan 


Note: Following the specification of the contact pads. 


0158-6 


Detail B 


2.54Min. 






0.100 
Q 25max. 
0010 
107max 


0.042 
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HB56D236B/SB Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter me 


Voltage on Any Pin (Input) 
Relative to Vgs (Output) Vout 


Value Unit 
—10to +7.0 V 
—10to +7.0 Vv 


ii ii 
Q 
a 

(on) 

3 

> 


Supply Voltage Relative to Vss —1.0to + 7.0 Vv 
Short Circuit Output Current out 

Power Dissipation T W 
Operating Temperature Topr Oto +70 °C 
Storage Temperature Tete — 55to + 125 °C 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions —— = 0 to +70°C) 


Note: 1. All voltage referenced to = 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V + 5%, Vsg = OV) 
HB56D236B/SB/BS/SBS 


Max 


Operating 
pana i -[*]-[*[-[ 
~ - eee 


RAS Only 
Refresh Current foc } — | ss 
Standby I 
Current CCS 
CAS Before 
RAS Refresh Icc6 1260 1140 
Current 
Page Mode 
Current Icc7 ae 1260 i 
Current 
urrent 
Output High 
Output Low 
vag aC Ck 












be 
=] 





TTL Interface 
RAS, CAS = Vin 
Dout = High-Z 


CMOS Interface 
RAS, CAS= Vcc — 0.2V 
mr = High-Z 


—v 
— 
rm 
So 


_ 


— 


7 OV < Vin $7V 
[DEDEDE Dra ~ bist 


| fl pal pal pe 


os owl fol» [oo] fem 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc¢ max is specified at the output open condition. 





2. Address can be changed less than three times while RAS = Vy. 
3. Address can be changed < 1 time while CAS = Vyq. 
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HB56D236B/SB Series 
¢ Capacitance (Ta = 25°C, Voc = 5V +5%) 


Input Capacitance (Address) Ci =e 
Input Capacitance (WE) a ee 
Input Capacitance (RAS, CAS) C3 a a eee 1 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy to disable Doy:. 


e AC Characteristics (Ta = 0 to +70°C, Voc = 5V +5%, Vgg = OV), 12 
Read, Write and Refresh Cycle (Common Parameters) 


Parameter Symbol 





HB56D236B/SB/BS/SBS 
Unit | Note 


~~} 
> 


oo 
> 
S 
> 


wis 
QO 


Row Address Setup Time tas 


Pin | ax [ in| Max [in | 
Random Read or Write 120 ra 130 reel 160 90) — | 160 | — | 90 
Cycle Time 
RAS Pulse Width tras | 60 | 10000 10000 | 100 | 10000 | 80 | 10000 | 100 | 
CAS Pulse Width 10000 10000 10000 
0 


Row Address Hold Time tRA 10" 
Column Address Setup Time | tasc | 0 | 
Column Address Hold Time | tca 


RAS to CAS Delay Time _| tre 


NY NY NN} 
foe) 


wn wmiin S 2 
oO ~ a =) 


si] S wilalu 
| csauel i 
al o S ja S| | & 
Se 


— 

hewn wr Los) wa Q 

al o nm | oO S 
hoe i) — wo td — NO ~~] 


Cn ot ot ot ot ot 
Mach = QO |r | @ oO 
MN 


RAS to Column Address 9 

Delay Time 

RAS Hold Time PDO sen es 

CAS Hold Time aged hol — [wo | — | 00 | 

CAS to RAS Precharge Time | tcp 10 see Rie eae ee | 10 | 

Transition Ti 

ran | | 

Rete Pro ESnce Spee eset : 
Read Cycle 


HB56D236B/SB/BS/SBS 





Parameter Symbol 


> 
E 
& 
a 


Pita [ war [in [Max | Min [ wx | Min [ Mx | Wn | Max | Min [Mn be 
jacoTaeton RAS liao |—-|@|—[~»{—|o]—|[ml—|»|—| | [23 
AeesTinefromtES [tac | — | |—[]—)s]—)s [—)s|—)s pw [a 
heeeTinefomaaaes [aa [le |>—[s [-lel—le[-lel—-[e[s|s: 
Rend Goaneod stp Twe [cs | 0 1 —-To]—-lel—lol—-lo][—-[o]—] m= 
Read Command _ 
Hold Time to CAS 'RCH 
frrecoms [ier | | ~[o|—[w/—[ wo) || -| [| » 
gent” [mm >| -[[Tol- [| [lle fo 
eee de Pb PEEP Eh 
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HB56D236B/SB Series 
Write Cycle 


HB56D236B/SB/BS/SBS 
Parameter Symbol eae A 8A -10A oe | 10 |-Unit | Note 


Write Command Setup Time 
Write Command Hold Time 


aa 
Write Command Pulse Width | twp 
Eo 





Data-in Setup Time 


Data-in Hold Time tpp 


Refresh Cycle 











Parameter 










CAS AS Setup Time _ 
(CAS Before RAS 
Refresh Cycle) 


CAS Hold Time 
(CAS Before RAS 
Refresh Cycle) 


RAS Precharge to 
CAS Hold Time 








Fast Page Mode Cycle 


HB56D236B/SB/BS/SBS 


eae 
Fast Page Mode 
CAS Precharge Time tcp pio} — | 
Fast Page Mode 
RAS Pulse Width tease | — | ee = 





Access Time from t 
CAS Precharge ACP 


RAS Hold Time from 


Notes: 1. AC measurements assume tr = 5 ns. 
2. Assumes that tpcp < trcp (max) and trap S$ trap (max). If trep or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max), trap = trap (max). 


. Assumes that tpcp Ss trcp (max), trap 2 trap (max). 
. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 


voltage levels. 
7. Vi (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyyy and Vjyyz. 
8. Operation with the trcp (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 
if trcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap 1s greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 
10. Early write cycle only (twcs 2 twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refrersh). 
13. trasc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of ta, or tcac or tacp. 
15. trp is determined by 1,024 refresh cycles. 


nm fb Ww 
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HB56D236B/SB Series 
m@ TIMING WAVEFORMS 


at 
- aie 


<> 
tRCH 
os 


: Don’t care 
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High-Z 
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HB56D236B/SB Series 





e Fast Page Mode Read Cycle 





tASR E mt ai 
Address vi Column 1 iY Column 2 YY (| Column N}) YY 
dd | iY GH fcoisme 2’ column 2 WZ Os | aa Yj 


Up Wj; CU); 
=f ' 
Al MI 





y tCAC 
tAA 


tacP 


tOFF 
tOFF 


Output 2 Output N 





Yyy : Don't care 


0158-11 
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HB56D236B/SB Series 
e Fast Page Mode Early Write Cycle 


= YP \Q ESO V1 


High-Z 


: Don't care 
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HB56A140 Series 


1,048,576-Word x 40-Bit High Density Dynamic RAM Module 


Mi DESCRIPTION @ PIN OUT 


The HB56A140B/SB is a 1M x 40 dynamic RAM module, 
mounted 10 pieces of 4 Mbit DRAM (HM514400AS) sealed 
in SOJ package. An outline of the HB56A140B/SB is a 
72-pin single in-line package. Therefore, the HB56A140B/ 
SB makes high density mounting possible without surface 
mount technology. The HB56A140B/SB provides common 
data inputs and outputs. Its module board has decoupling 





e TTL Compatible 
@ ORDERING INFORMATION 


— 
Oo 


SS) 
< 
0 iS 
HEbe 
o 
2 \s 
~) 
‘Pal 
Zz 
) 


DQ31 
DQis5 


capacitors beneath the each SOV. i 36 pin 37pin 
m@ FEATURES 
-pin Single In-line P 
wie are aay eur Gat Pin Pin | Pin | Pin | Pin | Pin] Pin 
RO ere ee eet eee ene No. ae Naaiec |: No. (Name Name 
¢ Single 5V (+5%) Supply 
¢ High Speed i Cece wes DQ33 DQii 
Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 2 | DQ | 20 | DQ, | 38 DQ35 DQ27 
peration........... 5775 mW/5250 mW/4725 mW/ 4 acs ee ee DQos 
4200 mW (max) 
StandDy “cctii.cc briadksatuweresa ce veawtaes 105 mw 5 | DQ7 | 23 | DQz1 ae | CAS Vpp 
+ Fast Page Mode Capebity é [oe | [do [# [xc | @ | 009 
e 1,024 Refresh Cycles .............. cece ce eee (16 ms) 5 [25 [Dan | 8 [Nc _| D 
¢ 2 Variations of Refresh Qr2 Q3 
RAS Only Refresh g DQGo 
CAS Before RAS Refresh 9 27 | DQ3 | 45 | 


— 
— 


rs 
se 
reo 
Dec [@ | oe 
ra 
Te6 
ree 
ro 





Part No. Contact Pad DQ33 
HBS6A140B-6A —a 13 ow PD! 
HBS6A140B-7A mpinSIP | Guy 14 DQo PD2 
HBS56A 140B-10A 16 PD4 
HB56A140SB-6A | 60ns_| 17 = DQx4 | 53 | DQio | DQ39 
HBS6A140SB-8A |  80ns _ | Socket Type 
HBS56A 140SB-10A 

m@ PIN DESCRIPTION 
Pin Name Function 
Ao-Ag Address Input 
Ao-Ag Refresh Address Input 
DQo-DQ39 Data-in/Data-out 
CAS Column Address Strobe 
RAS Row Address Strobe 
WE Read/Write Enable 
OE Output Enable 
Vpp Power Supply ( + 5V) 
Vss Ground 
PD1-PD4 Presence Detect Pin 
NC No Connection 
@ HITACHI 
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HB56A140 Series 
@ BLOCK DIAGRAM 


V01CAS RAS 


DQ36 


DQ33 


DQ35 
DQ37 


DQ24 


DQ9 

DQ25 
DQi0 
DQ26 


DQ11 
DQ27 
DQ12 
DQ28 


DQ29 
DQ13 
DQ30 
DQ14 


DQ31 
DQ15 
DQ38 
DQ39 





A0 to AY @——-———_ D0 to DI 
WE @—————- D0 to D9 
OE @—————- D0 to D9 


a PT to D9 
Rens eka to D9 


0098-2 


* DO to D9: HM514400AS 
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HB56A140 Series 


m PACKAGE OUTLINE Unit: ~ 


5,28 max) _ 


0.208 


i> 
10.16. 
eis, 


2.54min_| | 
0.10 


8 es 
= 38 
= ss 
SI SS 
[= j aoc 


noo © nono = 
goood = accad 


Detail A 


Note: Following the specification of the contact pad. 
Contact Pad 
HBS56A 140B-XXA. 
HB56A 140SB-XXA Solder 
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HB56A140 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Value Unit 
—1.0to +7.0 V 


Parameter Symbol 


Voltage on Any Pin Relative to Vss 


F 


| Symbol | Value 
a ee 
Supply Voltage Relative to Vss Vcc V 
Short Circuit Output Current mA 
Power Dissipation ee ee eee W 
Operating Temperature °C 
Storage Temperature z & 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Note: 1. All voltage referenced to Vss. 
e DC Electrical Characteristics (T, = 0 to +70°C, Voc = 5V +5%, Vssg = OV) 
HB56A 140B/SB 





; 
~ 
> 
oo 
; 
S 


Parameter Symbol -6 


Operating Current Ioc1 


ie) 
tw 
8 
NH 
co) 





pm Min | Max_ | Min | Max_ 

ea | — [1100 P= [800 
Standby Current Icc2 CMOS Interface 

10 10 10 RAS, CAS = Vcc — 0.2V 
Dout = High-Z 
RAS Only Refresh 
wer ie [= [owl — [| — ff fm 
CAS Before RAS = 
Sees [i [= [ow] [ml [| — [om [a acm 
Fast Page Mode seit 
sermon [ico |= [oe] — [| — [lola fier 
Input Leakage - = _ _ 
ee [a [-o| » [=e of [om [erst 
Output Leakage - = = OV < Vout = 7V 
ges [no [-»| e [=o] © [=e] [=m] » [os] Seats 
Output High Voltage | Von 2.4 | V 24 | Veco | 24 | Veco} 2.4 | Veco | Vi | lot = —S5mA 
O CC 


Notes: 1. I¢c depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vy. 
3. Address can be changed <1 time while CAS = Vyq. 
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HB56A140 Series 
e Capacitance (Ta = 25°C, Voc = 5V +5%) 


Input Capacitance (Address Ag—Ag) ee: es eee 
Input Capacitance (WE, OE) Cr ie 
Input Capacitance (RAS, CAS) a aa 
Input/Output Capacitance (DQo to DQ39) | co | — | 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vypx to disable Doyt. 


¢ AC Characteristics (Ty, = 0 to + 70°C, Voc = 5V +5%, Vgg = OV). 14, 15, 16 
Read, Write and Refresh Cycle (Common Parameters) 


HB56A 140B/SB 





Random Read or Write Cycle Time tre 


Cin ax | Min | ~ 
= con To | 


Read Cycle 


HB56A 140B/SB 
Parameter Symbol Note 
Pain [ Max | Min [wax [in | Max | Min | Max 

Access Time from Address aa eS eT Se IIE ES 3, 4, 13, 16 
Read Command Hold TimetoCAS | trex | 0 | — | 0 | — | 0 | — | o [| — | os | 

Read Command Hold Time to RAS ftree | o | — | o | — | o | — | o| 
Column Address to RAS Lead Time | tran | 30 | — | 35 | — | 40 | 
Output Buffer Turn-off Time !topm | 0 | 15 | 

Output Buffer Turn-off Time to OE torr | 0 | 15 | 
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HB56A140 Series 











Write Cycle 
HB56A 140B/SB 
Parameter Note 
| Min | Max | Min | Max | Min | Max | Min | Max | 
Read-Modify-Write Cycle 
HB56A 140B/SB 
Parameter Symbol -10A Unit Note 
Refresh Cycle 
HB56A140B/SB 
atin [Max [Min [Max [Min [ Max | Min [Max 
(CAS Before RAS Refresh Cycle) CSR 
ase fom | | - [|| -[ | —| | -] =| 
(CAS Before RAS Refresh Cycle) R 


Fast Page Mode Cycle 


HB56A140B/SB 





os 


Q 
> 
aN 
wm 


Fast Page Mode Cycle Time P 
Fast Page Mode CAS Precharge Time | tcp 


Fast Page Mode RAS Pulse Width 


oom [ae [i 
RAS Hold Time from CAS Precharge 
Fast Page mode Read-Modify-Write 


3 ae ae a is 
ol Pai oe Le eT eT | 
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HB56A140 Series 


Test Mode Cycle 





HB56A140B/SB 






Parameter 


Notes: 1. AC measurements assume ty = 5 ns. 

2. Assumes that trop < trcp (max) and trap < trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

4. Assumes that trop 2 trcp (max) and trap *S trap (max). 

5. Assumes that trop * trcp (max) and trap 2 trap (max). 

6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vyy and V],. 

8. Operation with the trcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 
if tpcp is greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 
if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tprwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions are satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. trasc defines RAS pulse width in fast page mode cycle. 

13. Access time is determined by the longer of tag or tcac or tacp. 

14. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles are required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits ... CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is low level. Data output pin is I/O3 and data input pin is I/O}. In order to end this test mode 
operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of trac, taa, toac and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HB56A140 Series 
@ TIMING WAVEFORMS 
ad Cycle 
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Address YY oe UY 


Q 
tRCH 
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Be ae 


tRRH 
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HB56A140 Series 
e Fast Page Mode Read Cycle 


RAS 


CAS 


Address 


tRRH 
+ 






tcDD 


-J/ 


tOFF1 


Dj 


5 


Dout 


: Don't care 
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HB56A140 Series 
e Fast Page Mode Early Write Cycle 


High-Z 


Dout 


: Don't ca 
: Don't care 
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HB56A140 Series 


e Fast Page Mode Delayed Write Cycle 


te mses BS area 


7 Es a a 


Hi-Z 





Y : Don’t care 
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HB56A 140: Serles <= See ee Se SS SE. eee 
e Fast Page Mode Read-Modify-Write Cycle 


Address 


Zi 


Piacoa 


' : , / WW. 


GY : Don't care 


toDD 


0098-14 
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HB56A240 Series 


2,097,152-Word x 40-Bit High Density Dynamic RAM Module 
m@ PINOUT 


@ DESCRIPTION 


The HB56A240B/SB is a 2M x 40 dynamic RAM module, 
mounted 20 pieces of 4 Mbit DRAM (HM514400AS) sealed 
in SOJ package. An outline of the HB56A240B/SB is a 
72-pin single in-line package. Therefore, the HB56A240B/ 
SB makes high density mounting possible without surface 
mount technology. The HB56A240B/SB provides common 
data inputs and outputs. Its module board has decoupling 
capacitors beneath the each SOJ but only on the one side 
of its module board. 


@ FEATURES 
e 72-pin Single In-line Package 
Lead PUCK jit Cicitne Yi ataay eeta ty eeanweks 1.27mm 
e Single 5V (+5%) Supply 
e High Speed 
Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 
e Low Power Dissipation 
Operation ........... 6038 mW/5513 mW/4988 mW/ 
4463 mW (max) 
DIANGDY 402 3ves tee dals codveuure aes 210 mW (max) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycles .......... 0. ccc cece cece (16 ms) 


e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
e TTL Compatible 


™@ ORDERING INFORMATION 


Part No Contact Pad 


HB56A240B-6A | —60ns_—| 
HB56A240B-7A. 72-pin SIP 
HBS6A240B-8A |  80ns __| Socket Type 
HBS56A240B-10A 
HBS56A240SB-6A 


HBS6A240SB-7A 72-pin SIP 


Solder 
HB56A240SB-8A |  80ns _ | Socket Type 
HBS56A240SB-10A 


@ PIN DESCRIPTION 


Gold 








Pin Name Function 
Ag-Ag Address Input 
Ao-Ag Refresh Address Input 
DQo0-DQ39 Data-in/Data-out 
CASO, CASI Column Address Strobe 
RASO, RASO Row Address Strobe 
WE Read/Write Enable 
OE Output Enable 
Vpp Power Supply (+ 5V) 
Vss Ground 
PD1-PD4 Presence Detect Pin 
NC No Connection 


ZU 
OpoprAl~L RUPP wl wnle|o 


[et Ti ent GE EE Tl nel Dl oe GE oO ed 
Niu] mi wle fe | o 
<i 
0 
o 


— 
~l 


18 


ee 


ww w wil wl w ] bdo NTN to NT Nin] 
nN > ole | © ] oOo “TO > NN] — | © | oO 


og 
2) 
a 


Yio 1g 
~~] 


919 
KO) | 
~ 150 


36 pin 37 pin 


Pin Pin 
same No. 


“Bee 
sy 
ae 


S, 
2) 
3 


y/>lylyly 
Ait JA IASC 
|S le 
slele|el= 


< 
0 
w) 
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Pin Re 
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ars 


pe 
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Pin 
Name 
DQi1 
DQo7 
DQi2 
DQo3 
VppD 
DQy9 
DQi3 
DQ30 
DQi4 
DQ31 
DQi5 


DQ38 
PD1 


PD2 
PD3 
PD4 
DQ39 
Vss 


927 





HB56A240 Series 
m@ BLOCK DIAGRAM 


VO1CAS RAS 
1/02 
Di0 


01CAS RAS 
02 

03 D114 
1/04 


/01CAS RAS 
102 
03 018 


1/04 
RAS = V01CAS RAS 


1/02 
03 019 
1/04 


A0 to A9 @———-——— D0 to D19 


WE @——- D0 to 19 
OE @———— D0toD19 


ee to-w D19 
Ae cassia ar toD19 





* DO to D9: HM514400AS 
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HB56A240 Series 















mm 
@ PHYSICAL OUTLINE Unit: —— 
inch 
_ 107.95 Beate = A 
4.25 o 
. 101.19 
. 3.98 9.30 max sj te 
1.1 min. ; 
0.043 
Ww 
‘co 
ON 
o 
“ann ngononconanonons 
hae R1.87 71) 190.25 La. 04 
R 0.062 
aa. . 
= 1.75 of Se 1.75 





0099-4 





0099-5 





Note: Following the specification of the contact pad. 
Part No. Contact Pad 
HB56A240B-XXA 
HB56A240SB-XXA 








Solder 
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HB56A240 Series 


M@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vsg Vv 
Supply Voltage Relative to Vsg Vcc V 
Short Circuit Output Current Tout mA 
Power Dissipation WwW 
Operating Temperature 2c 
Storage Temperature “¢ 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to + 70°C) 


Parameter Min Typ Max Note 


Note: 


1. All voltage referenced to Vss. 


¢ DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +5%, Vss = OV) 


Parameter 


Operating Current 


Standby Current 


RAS Only Refresh 
Current 


Standby Current 


CAS Before RAS 
Refresh Current 


Fast Page Mode 
Current 


Input Leakage 
Current 


Output Leakage 
Current 


Output High Voltage 
Output Low Voltage 


Notes: 














HB56A240B/SB 
Symbol TA 8A -10A Note 
Min | Max | Min | Max | Min | Max | Min | Max 
TTL Interface 
40 40 40 40 mA | RAS, CAS = Vyy 
I 
a CMOS Interface 
20 20 20 20 mA | RAS, CAS 2 Vcc — 0.2V 
Dout = High-Z 
See cece 
Iccs 100 100 
D 
a ee ee 
tex [=o fe fel flee 
mele [ele [ele [a] » [os [oareen 
= - = - OV Ss Vout S$ 7V 


1. Icc depends on output load condition when the device is selected, I¢c max is specified at the output open condition. 


2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vyqy. 


930 
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HB56A240 Series 
¢ Capacitance (Ta = 25°C, Vcc = 5V +5%) 


Input Capacitance (Address Ag—Ag) a ee ee 
Input Capacitance (WE, OE) ee: eee ee ee 160 

Input Capacitance (RAS, CAS) rr eee ee ee pF 
Input/Output Capacitance (DQp to DQ39) ye ee ee Gn) 


Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy to disable Doyt. 


e AC Characteristics (T, = 0 to + 70°C, Voc = 5V +5%, Vgg = OV)!. 14, 15, 16 
Read, Write and Refresh Cycles (Common Parameters) 


Note 


cs |'s = 
"| m) 8. 
os 











Read Command Hold Time to CAS tRCH 
Read Command Hold Time to RAS tRRH 
Column Address to RAS Lead Time tRAL 


HBS6A240B/SB 
Parameter Symbol -6A -7A -8A -10A Unit | Note 
mI 
RAS Pulse Width | tras | 60 {| 10000 | 70 | 10000 | 80 | 10000 | 100 | 100000 | ns | 
CAS Pulse Width 10000 10000 10000 | ns | 
e Read Cycle 
HB56A240B/SB 
Parameter Symbol -6A -7A -8A -10A Unit Note 
eS wt 
Access Time from RAS 2 ea 100 2, 3,17 
Access Time from CAS Ee ee 3, 4, 13 
Access Time from Address tAA Peete gee | eel 3, 4, 13, 16 
Access Time from OE toac ae ae 
Read Command Setup Time trcs om Pe J0r-h 
oe a ee! 
| 0 | 
| 35_| 


Output Buffer Turn-off Time tOFF1 
Output Buffer Turn-off Time to OE toFF2 
CAS to Dj, Delay Time tcpD 


Yi NV Nw 


— Ww 
Lo] oO x 
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HB56A240 Series 
® Write Cycle 











HB56A240B/SB 
Parameter Symbol -6A -7A -8A -10A Unit Note 
Ee Min Max Min Max | Min | Max Min Max jo 
¢ Read-Modify-Write Cycle 
HB56A240B/SB 
Parameter Symbol -6A Unit Note 
oo SS 
¢ Refresh Cycle 
HB56A240B/SB 
Parameter Symbol -6A -7A -8A -10A Unit Note 
json Min Max | Min | Max Min Max | Min | Max jo 
GG (= [*[-fe[-[el- [|= Te 
BEteman (= |°[-[*|-[e[- fell 
(CAS Before RAS Refresh Cycle) CHR 


¢ Fast Page Mode Cycle 


HB56A240B/SB 
Parameter Symbol -6A -7A -8A Unit | Note 


Min 
ae sees 





Access Time from CAS Precharge 13, 17 


[eee 
RAS Hold Time from CAS Precharge | truce | 35 | — | 40 | — | 


Fast Page Mode Read-Modify-Write 
ve fro Le — [ef [ol — 
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HB56A240 Series 


¢ Test Mode Cycle 


HB56A240B/SB 





Notes: 1. 
. Assumes that tpcp S trcp (max) and trap < trap (max). If trcp or trap is greater than the maximum recommended 


10. 


11. 
12. 


13. 
14. 


15. 
16. 


lf. 


AC measurements assume ty = 5 ns. 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

. Assumes that trcp 2 trcp (max) and trap S trap (max). 

. Assumes that tpcp < trcp (max) and trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyy and Vy. 


. Operation with the tpcp (max) limit insures that trac (max) can be met, trop (max) is specified as a reference point only, 


if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max) limit insures that trac (max) can be met, trap (max) is specified as a reference point only, 


if trap is greater than the specified trap (max) limit, then access time is controlled exclusively by ta a. 

twcs, trwp; tcwp; tawp are not restrictive operating parameters. They are included in the data sheet as electrical charac- 
teristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tpwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the cycle 
is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
condition is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

trasc defines RAS pulse width in fast page mode cycle. 

Access time is determined by the longer of tag or tcac or tacp. 

An initial pulse of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycle is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits ... CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is low level. Data output pin is I/O3 and data input pin is I/O. In order to end this test mode 
operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of trac, taa, toac and tacp is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HB56A240 Series 
@ TIMING WAVEFORMS 
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e Read-Modify-Write Cycle 
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HB56A240 Series 
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HB56A240 Series 
¢ Fast Page Mode Read Cycle 


Address 
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tOFF1 
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HB56A240 Series 
¢ Fast Page Mode Delayed Write Cycle 
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HB56A240 Series 
¢ Fast Page Mode Read-Modify-Write Cycle 
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——__— — ——— ———__ HB56A 240 Series 
¢ TEST MODE CYCLE 
*4 as ae 
Set Cycle Test Mode Cycle Reset Cycle Normal Mode 
> SW | 
RAS 
: al 








HB56A240 Series 
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HM63021 Series 


2048-Word x 8-Bit Line Memory 


m™ DESCRIPTION 


HM63021 is a 2048-word x 8-bit static Serial Access Memory (SAM) with sepa- 
rate data inputs and outputs. Since it has an internal address counter, no external 
address signal is required and internal addresses are scanned serially. Using five 
different address scan modes, It is applicable to FIFO memories, double-speed con- 
versions, 1H delay lines and 1H/2H delay lines for digital TV signals. Its minimum 
cycle times are 28 ns and 34 ns each corresponding to 8 fsc of PAL TV signals and 
NTSC TV signals. All intputs and outputs are TTL-compatible. This device is pack- 
aged in a 300 mil dual-in-line plastic package. 


m™ FEATURES 


e Five Modes for Various Applications 
¢ Corresponds to Digital TV System with 4 fsc Sampling (PAL, NTSC) 
¢ Decoder Signal Output Pin; Fewer External Circuits 
e Asynchronous Read/Write Operation; 
Separate Address Counter for Read/Write 
No Address Input Required 
¢ High Speed; Cycle Time ............ ccc eee eee eee 28 ns/34 ns/45 ns (min) 
¢ Completely Static Memory; No Refresh Required 
¢ 8-bit SAM with Separate I/O 
© LOW. POWGI 52-5 cc ea wduauswuis hate oudikon Been wun Sea aed aks 250 mW typ. Active 
e Single 5V Supply 
e TTL Compatible 


m@ PIN OUT 


Control 


Top View) 
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HM63021 Series 


(DP-28N) 


3DDP28N 





M@ ORDERING INFORMATION 





Part No. 


HM63021P-28 
HM63021P-34 
HM63021P-45 
















Access Time 


28 ns 
34 ns 
45 ns 
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Package 
300 mil 28-pin 










Plastic DIP 


(DP-28N) 
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HM63021 Series — —— 


m@ PIN DESCRIPTION 


1 MODE! Mode Input 1 (All Modes) 


ae Read Clock Input (TBCE, DSC, TBC) 
I RCLK/CLK Clock Input (1H/2H, D) 
3 RRES/RES Read Reset Input (TBCE, DSC, TBC) 
Reset Input (1H/2H, D) 





12 WE Write Enable Input (All Modes) 
High Impedance (TBCE, DSC) 

13 High Z/WDEC/DEC1 Write Decode Pulse Output (TBC) 
Decode Pulse Output 1 (1H/2H, D) 


14 Ground (All Modes) 


__ Write Clock Input (TBCE, DSC, TBC) 
15 WCLK/WT/DEC4 Write Timing Input (1H/2H) 
Decode Pulse Output 4 (D) 
Write Reset Input (TBCE, DSC, TBC) 
16 WRES/DS/DEC3 Delay Select Input (1H/2H) 
Decode Pulse Output 3 (D) 
iz Data Outputs (All Modes 


Mode Input 3 (TBCE) 
26 MODE3/RDEC/DEC2 Read Decode Pulse Output (TBC) 
Decode Pulse Output 2 (1H/2H, D) 
27 Mode Input 2 (All Modes) 
28 Power Supply ( + 5V) (All Modes) 





M@ MODE TABLE 


OE 

a 

w]e pt Coenion DSC) | Non merce 

a a a a a ae 

a oT a 

a ee eS = es ae 
Note: 1. Decoder Output Signal (RDEC, DEC2). 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit Notes 
Voltage on Any Pin Relative to Vg V ! 
Operating Temperature °C 
Storage Temperature Under Bias °C 


Note: 1. —3.5V for pulse width < 10 ns. 
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HM63021 Series 
@ BLOCK DIAGRAM 


Din? 


OP Write Address 
> Control 


Address a 


Decoder 
Write Column Decoder 
RCLK/CLK Write Column Switch 


RRES/RES 

WCLK/WT 

WRES/DS Memory 

MODE1 

MODE2 Decoder 


MODE3 (128x64 ) (128x64 ) 


(2047 ) 


Read Column Switch (900, 1810) 
Address {'909, 1819) 
Decoder 
Read Column Decoder (1134) 
(1125) 


om ; 
hem } 
Yo ~ ¥e 


Dout0 Dout? 





M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


Supply Voltage 
a a eee 

Input Voltage 
: " VIL 


Note: 1. —3.0V for pulse width < 10 ns. 
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HM63021 Series 
¢ DC and Operating Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


Papub Heoteee Coreen! Hal p= | - |] 0 | va i : 2 ONG 
Vin = V Vcc 
pUtnuE Penbeee Curceat lito) p= | - | 0 | a ) ss to 
Vout = V Vcc 
A in. 


Be 
Operating Power Supply Current Icc | 50 | 90 | ma | Min. Cycle, Inu, = OmA 1 


10 
IoL = 8 mA, Douto to Dout7 
= [om |v | DEC Output Pin 2 


Notes: 1. Typical values are at Voc = 5V, Ta = 25°C and for reference only. 
2. Io, = 6 mA for 45 ns version. 


e Capacitance (Ta = 25°C, f = 1.0 MHz) 










Parameter Note 












Input Capacitance 


Output Capacitance 





Notes: 1. This parameter is sampled and not 100% tested. 
2. 13, 15-24, 26 pin. 


¢ AC Characteristics (Vcc = 5V +10%, Ta = 0 to + 70°C, unless otherwise noted.) 
AC Test Conditions 


Input and Output Timing Reference Levels: 1.5V 
Input Pulse Levels: Vss to 3V 
Input Rise and Fall Times: 5 ns 


HM63021-28/34 
DEC Output Load Dout Output Load (A) Dout Output Load (B) 


+8V + 5V (toLz, tonz) 
5102 aN 
4802 
480Q 
Dout 
zu Dout 
- 1 
255Q 3 * 
= 255Q 5pF : 
0106-4 


Note: *1. Including scope and jig. 0106-5 


HM63021-45 


DEC Output Load Doyt Output Load (A) Dout Output Load (B) 
(toLz, tonz) 


+5V 
+5V 
625Q 
625Q 
Dout 
Dout 
30pF*! re 30pF*! 
2942 SpF*! 
0106-7 


Note: *1. Including scope and jig. 


+5V 
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HM63021 Series 


Read Cycie 
ey at 
m n 

| Min | Min | Max | Min | Max | 

i 
tRWH 10 15 ns 
(Rise) tpa2 50 ns 
Bemioumnrsiic (aca: [moni SE ee es ie 
Rise) | tp | 5 | — | 5s | — | 5 | ~ | ms 

Write Cycle 
| 
cae two ae a a ea ee ee ee 
[twotianMoy | so | — | | — | % | — | m 
Write Clock Width | _twwe | 0 | SO ~~] ot | SO | ts | ~ | os 
ww «| | — | wo | — | 6 | — | om 
socal s — eae oe a mew a 
WE Hold Time a (NE ee a ae ee a ee” 
[twee TST CS = os 
WT Setup Time ee ence (Ae (a ee ee ee 
ime Se ee ee ee 
ace =a 
5 5 7 ns 

Reset Cycle 

ae | Min [Max [Min [Max [Min [Max |” 
Clock Setup Time BeforeReset_ | treps | 8 | — | 9 | — | 10 | ~— | 
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HM63021 Series 


Mode Description with address 2047 in the read address counter. Using 


° Time Base Compression/Expansion Mode these pulses, the memory area can be extended easily 


952 


This mode turns HM63021 into a 2048-word x 8-bit FIFO 
memory with asynchronous input/output. The HM63021 
provides 2 clocks (RCLK, WCLK) and 2 resets (RRES, 
WRES), one each for read and write. The internal address 
counters increment by 1 address clock and are reset to 
address 0. A write-inhibit function of HM63021 stops writ- 
ing automatically after the data has been written into all 
addresses 0 to 2047. The write-inhibit function is released 
by reset using WRES, and the HM63021 restarts writing 
into address 0. 











Double-Speed Conversion Mode 


This mode turns HM63021 into a 1024-word x 8-bit x 2 
memory with asynchronous input/output. It is used for 
generating non-interlaced TV signals. When the original 
signal and the interpolated signal (1 field delay) of inter- 
laced signls are input to the HM63021, multiplexed per 
dot, it outputs non-interlaced signals for each line. 8 fsc 
should be input to RCLK and WCLK. A standard H syn- 
chronizing signal and a non-interlace H synchronizing sig- 
nal are input to WRES and RRES respectively. A write-in- 
hibit function is provided in this mode, making it applica- 
ble to PAL TV, where extra data (1135-1024 = 111 bits) 
is ignored. 


TBC Mode 


This mode turns HM63021 into 2048-word x 8-bit FIFO 
memory with asynchronous input/output. The HM63021 
provides 2 clocks (RCLK, WCLK) and 2 resets (RRES, 
WRES), one each for read and write. The internal address 
counters increment by 1 address at each clock and are 
reset to address 0. The internal address counters return 
to address 0 after they reach address 2047. The 
HM63021 outputs a write decode pulse from WDEC, sy- 
chronizing it with address 2047 in the write address coun- 
ter, and read a decode pulse from RDEC, synchronizing 





























(1) Read after Write (3 bits delay) 


(multiple-HM63021s can be used with ease). 


@ 1H/2H Delay Mode 


This mode turns HM63021 into a 1024-word x 8-bit x 2 
delay line with synchronous input/output. Delay time is 
defined by the reset period of RES. Since the HM63021 
outputs a 901 decode pulse (DEC1) and a 910 decode 
pulse (DEC2), connecting DEC2 to RES, for example, out- 
puts 1H- and 2H- delayed signals alternately at a 8- fsc 
cycle when the original signal is input at a 4- fsc cycle. A 
write-inhibit function is provided in this mode, making it 
applicable to PAL TV, where extra data (1135-1024 = 
111 bits) is ignored. 








Delay Line Mode 


This mode turns HM63021 into a 2048-word x 8-bit delay 
line with synchronous input/output. Delay time (3 to 2048 
bits) is defined by the reset period of RES. The delay is 
2048 bits when RES is fixed High. Signals delayed by 910 
bits to 1135 bits for example, can be easily obtained with- 
out external circuits by just connecting selected decoded 


pulses on DEC1—DEC4 to RES. 








Notes on Using HM63021 
¢ Hitachi recommends that pin 13 (high impedance) should 


be fixed by pulling up or down with a resistor (of several 
kQ.) in TBC or DSC mode. 


Hitachi recommends that the mode signal input pins and 
DS pin should be fixed by pulling them up or down with a 
resistor (of several kQ). 


Data integrity cannot be guaranteed when mode is 
changed during operation. 


When a read address coincides with a write address in 
TBCE, TBC or DSC mode, the data is written correctly but 
it is not always read correctly. 


<— Write Cycle 


t2twemmn 


<— Read Cycle 


@ Write Cycle 


<@— Read Cycle 





© HITACHI 
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e At power on, the output of the address counter is not de- 


fined. Therefore, operations before the system is reset 
cannot be guaranteed, and decode signal output is not 
defined until after the first reset cycle. 


The decode signal is latched by a decode output latch cir- 
cuit at the previous address of the internal counter ad- 
dress and is output synchronized with the next address. 
For example, WDEC in TBC mode is latched at write ad- 





HM63021 Series 


e In the reset cycle, the input levels of WRES, RRES, RES 


are raised to satisfy taey, and are fixed high until taepy in 
the next pre-reset cycle is satisfied. The rise timings of 
the reset signals (RES, WRES, RRES) are optionals pro- 
vided that the taeps specification is satisfied. The timings 
at which RES, WRES, and RRES fall after preset are also 
optional, provided that the taepy and tres specifications 
are satisfied. 











dress 2046 and is output at write address 2047. If a write 
reset is performed on address 2047 at this time, the write 
address becomes 0 and WDEC is output. 





The same operation is performed in other modes. 





e Hitachi recommends that t, (time between mode set and time (56 ns/68 ns/90 ns) or more while the power supply is 
the first cycle (Pre-reset)) should be kept for 2 cycle on. 


(1) TBCE, TBC, DSC and Delay Line Mode 


; as ra aeetet 


nT, emcaeaien 


gapocne wemccncenae NON sy 


KXXXXKXXXXKKAXAXAKKAXKKAXAKKY 
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HM63021 Series 
(2) 1H/2H Delay Mode 


a ir 
WI WT 
NANANANANANNRRNRNNN 


LLILIMLILILL LLL LLL LLL 1L/ 


= 


Note: When mode pins are fixed with Vcc, GND in mode set 
while the power supply in on, t,, spec is not needed. 





Decode Signal 
When internal address counter reaches the specified address as shown below, decode outputs become low. 


Mode Pin Pin Internal Address Timing of the Osan 
: Name Counter Output Signal P 


ye 13 WDEC Write 2047 After Write 2047 Completion of Writing on all bits is detected. 





jo) 








16 DEG Read 1134 Output 1133 By inputting this signal to pin #3, 1135-bit delay 
output is obtained. 

15 DEC4 Read 1125 Output 1124 By inputting this signal to pin #3, 1126-bit delay 
output is obtained. 


Note: 1. When counter is reset by Reset Signal (RRES, RES, WRES), address becomes 0. 


Write-Inhibit Function 


When internal address counter is as follows, writing is inhibited automatically for the next cycle. the write-inhibit function is can- 
celled by reset through WRES or RES. 


26 RDEC Read 2047 Output of 2046 Completion of Reading from all bits is detected. 
B DECI Read 900 (2H) Output of 900 (1H) By inputting this signal to pin #3, 901/1802-bit 
1H/2H delay output is obtained. 
6 DE@ Read 909 (2H) Output of 909 (1H) By inputting this signal to pin #3, 910/1820-bit 
delay output is obtained. 
Read 900 Output of 899 By inputting this signal to pin #3, 901-bit 
delay output is obtained. 
13 DECI By inputting this signal to pin #3 after the 
Read 1810 Output of 1809 frequency of DEC1 is divided into two, 1811-bit 
delay output is obtained. 
Read 909 Output of 908 By inputting this signal to pin #3, 910-bit delay 
Delay output is obtained. 
Line 26 DEC2 By inputting this signal to pin #3 after the 
Read 1819 Output 1818 frequency of DEC2 is divided into two, 1820-bit 
delay output is obtained. 








Write-Inhibit Function 


mone (Internal Counter Address) 
TBCE Write-inhibit after address 2047 
DSC Write-inhibit after address 1023 x 2 
TBC No function 

1H/2H Write-inhibit after address 1023 
D No function 


Note: When address counter is reset by WRES or RES, address becomes 0. 
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HM63021 Series 
Read Reset Cycle (TBCE, TBC Modes) 


Address 
0 Output 


GS HSS eh 


_ = 
ms 77777777 IK |S ITINTITLELLLLLLTT 


tou ton 


tac tac 


pout © eX KIN 





Notes: *1. The read address counter is reset at the first falling edge of RCLK after RRES falls, meeting the specifications of traps 
and trepyH, and it is not reset at the next falling edge of RCLK even if RRES is kept low. 
When tres, tREH, trEps, and tpepy cannot meet the specifications, the reset operation is not guaranteed. 
*2. Output is from the read address of the previous cycle. 
*3. When RRES is fixed high, the data at the read address counter is reset after the data of address 2047 is output, and the 
same operation restarts. 


Write Reset Cycle (TBCE, TBC Modes) 











Reset 
Address 0 
ae ee ae ee 


treps teen 


ee Tes 
TTT ON MTT. 


tos |? on 


XX DKK) RXXKK 0) KXXKK KKK (2) XXKM) 


twasz|? went 





Note: The write address counter is reset at the first falling edge of WCLK after WRES falls, meeting the specifications of tpeps and 
tREPH, and it is not reset at the next falling edge of WCLK even if WRES is kept low. 
When trgs, trEH. trEps, and tprepyH cannot meet the specifications, the reset operation is not guaranteed. 
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HM63021 Series 
Reset Cycle (DSC Modes) 





Notes: “*1. 


2: 


es) 


*4, 


956 


tres teen 
#1, %3, #4 


WES XL AZZZZZZZZTEF LZ 


trepy tres 


NONCODING CD OECD. 


RCLK 
2, #3, * ‘Fy 


a LITT a | LITLE) 


trersit azpn 


Cami X TB) X TBH KAN KAN X CHA) KAI) 


Reset Timing | Reset Timing 2 


The write address counter is reset at the first falling edge of WCLK after WRES falls, meeting the specifications of tpEps 
and trepH, and it is not reset at the next falling edge of WCLK even if WRES is kept low. 

When tres, tREH, tREps, and trepyH cannot meet the specifications, the reset operation is not guaranteed. 

The read address counter is reset at the first falling edge of RCLK after RRES falls, meeting the specifications of tpeps 
and trapH, and it is not reset at the next falling edge of RCLK even if RRES is kept low. 

When tres, tREH> tREps, and trepH cannot meet the specifications, the reset operation is not guaranteed. 

When trepH, tres, tREH (WRES to WCLK), or traps, tREpH. tRES, tREH (PRES to RCLK) cannot meet the specifica- 
tions, the output of video signal A is not guaranteed. (Reset Timing J). 

When trgps (WRES to RCLK), or tres, tren, treps, tREPH (PRES to RCLK) cannot meet the specifications, the inter- 
polation signal B is not guaranteed. (Reset Timing II). 
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HM63021 Series 
Reset Cycle (1H/2H Mode) 


Address Address Address 
0(1H \Output |/0!2H ‘Output 0 Input 


CLK 
(8fsc) 


*) 


WT TTT WEL THA | YAN Z// 


(4fsc) twrsm twran 


D 


CED NON CED UCN AOD CCC EIR AEN 


tac 
: 


i an oe Ee 
2H 1 


¢, 
PH Te i 


2 KOK XK XY 
1H 


2H 


lwest ! went 


(High) or (Low) 





Notes: *1. WT is the input during half cycle of CLK, meeting the specifications of twrs,, twrHL> twTsH» and twryn. Data is 

written when WT is low. Reset is possible when WT is high. 

*2. Read address counter is reset at the first falling edge of CLK after RES falls, meeting the specifications of tpgps and 
tREPH, and it is not reset at the next falling edge of CLK even if RES is kept low. 
When tres, trEH, trEps, and trgpyH cannot meet the specifications, the reset operation is not guaranteed. 

*3. When DS is fixed high, 1H output data is delayed by n bits and 2H output data is delayed by 2n bits where 2n is the reset 
cycle of RES. 
When DS is fixed low, 1H output data is delayed by n— 5 bits and 2H output data is delayed by 2n — 5 bits. 
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HM63021 Series 
Reset Cycle (D Mode) 


RESEL 


TITIES | SISTTTTTTTITTTTTT 


tReps tREPH 


IX _I\l| FALL nD 


— 


(60-3) AX (0-2 XX) XA) RAK XK MK 2) XY 


Wek os 
tac 
COD KKK DKLKO-OKRK 0) MLK Co MK KKK XY) 


0106-18 





Note: *1. The read address counter is reset at the first falling edge of CLK after RES falls, meeting the specifications of traps and 
tREPH, and it is not reset at the next falling edge of CLK even if RES is kept low. 
When tres, trEH, tREpS, and trepy cannot meet the specifications, the reset operation is not guaranteed. 


Write Enable (TBCE, DSC, TBC, D Modes) 


nt+1 Cycle n+2 Cycle nt+3 Cycle nt+4 Cycle 
(CLK) 
KY 
\ 





twwLe twwH 


we tf 
A 


tos | tou 


2» SX XRRRK > KARR EEN = KRREK NE 


0106-19 





Notes: *1. When tweyL, twEsH, twEHH> and twesz cannot meet the specifications, the write enable operation is not guaranteed. 
*2. In the delay line mode, CLK takes the place of WCLK. 
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HM63021 Series 


Write Enable (1H/2H Mode) 


7 WW Se im Es, 


twesn 


t went 
WESL Pin a les] 


a TLE a 


tps|ton 


OK ') OOOO OK + UK KKK RRR AAI 8 # 3 XOX 





Note: *1. When twts_, twrHL, twEHL, 2nd twgHH cannot meet the specifications, the write enbable operation is not guaranteed. 
Decode Output (TBC, D Modes) 





Notes: *1. In TBC mode, WCLK or RCLK takes the place of CLK. 
*2. DEC is WDEC or RDEC in TBC, DEC1, DEC2, DEC3 or DEC4 in D mode. 


Decode Output (1H/2H Mode) 

















Note: *1. When t , tw Pe , and tw cannot meet the specifications, the decde output operation is not guaranteed. 
WTSL THL> 'WTSH THH P p Pp 
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HM63021 Series 
Output Enable (All Modes) 


Data Valid Data Valid 





Note: *1. Transition of toyz and twyz is measured +200 mV from steady state voltage with Output Load B. This parameter is 
sampled and not 100% tested. 
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HM53051 Series 


262,144-Word x 4-Bit Frame Memory 


@ DESCRIPTION 


HM53051P is a 262,144-word x 4-bit frame memory, using the most advanced 
1.3 ym CMOS processes. It performs serial access by an internal address genera- 
tor. 

It offers a high-speed cycle time of 45 ns or 60 ns (min). As input data and out- 
put data can be written or read in any cycle, synchronized with a system clock, and 
the delay between data read/write operations is freely settable. Y/C separation and 
frozen pictures can be realized easily in 4 fsc NTSC digital TV or VCR systems. 
Also, it enables random access in 32-word x 4-bit data block. With this function, 
picture in picture or a multiplexed picture can be displayed with ease. 


@ FEATURES 


© 262,144-Word x 4-Bit Serial Access Memory 
e Organized with Dual Ports 


SONA IND Siac ace ecleaes wd Aarne Ge hele ated eet leg pe Cadi? ou hes x 4-Bit 

DSMaUQUIDUL sees hain cs dru Ree oo a eee Ee aaa eae ewe x 4-Bit 
e High Speed 

Read/Write Cycle Time ............. ccc ce cece cece tees 45 ns/60 ns (min) 

ACCOSSTIMG nine benea hoses skuned Bec eects et eaneoees 35 ns/40 ns (max) 


¢ Semi-Synchronous Read/Write Cycle 
e Low Power 
Active: 200 mW (typ) 
e Random Access in 32-Word x 4-Bit Blocks 
e External Refresh Control is Unnecessary 


M@ ORDERING INFORMATION 


Access Time 


45 ns 
60 ns 















Package 
300 mil 18-pin 
Plastic DIP 

(DP-18B) 


HM53051P-45 
HM53051P-60 


mM BLOCK DIAGRAM 


Address 
] ese P Count i Memory Array 


Register R : Decoder 262,144 x4 
ial egister 


Column Decoder 


Read/Write/Refresh Ra ta tat, 

Conta Ose liebe | 

‘ontro! ‘ 5 J 4 2 b 4 aaa e: a 

Timing Generator . 2 Data heel Data 
. 2 heel 


WU IA 


Shift Register Shift Register 


mapeeenae 
ee ee 


OE Dout0 Dout2 Dn0 Dmn2 WE 
Dout] Dout3 Din} = =Din3 


0107-2 
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HM53051P Series 


3DDP18B 


(DP-18B) 


(Top View) 


@ PIN DESCRIPTION 


Pin Name 
Din 
Dout 
OE 
TAS 
CLK 
CGW 
CGR 
SAD 
SAS 
WE 


Function 
Data Input 
Data Output 
Output Enable 





Transfer Address Strobe 


System Clock 

Clock Gate (Write) 
Clock Gate (Read) 
Serial Address 

Serial Address Strobe 
Read/Write Enable 
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HM53051 Series 
M@ FUNCTIONAL DESCRIPTION 


¢ Serial Access Memory with I/O Separated 


Read cycle and write cycle of HM53051 can be operated 
independently synchronized with a system clock. It realizes 
time compression or expansion for picture in picture in digital 
TV, for example. 


e Write Cycle by CGW 
Write data are taken in at the falling edge of the system 








clock CLK when CGW is low. If CGW is high, HM53051 
does not enter write cycle (cycle time is defined by system 
clock cycle time). Time is compressed easily with CGW. 


XK Pn XXX? QQ XOY XKKKKKX 





e Read Cycle by CGR 


Read data is output at the falling edge of the system 
clock CLK when CGR is low. If CGR is high, HM53051 does 


0107-3 


not enter read cycle (cycle time is defined by system clock 
time). Time is expanded is realized easily with CGR. 


eee Meee Lee ee 
eee ee 


Do KK Dott XK Date) 





M@ RANDOM ACCESS 


The HM53051 is also capable of random access by serial 
address input, SAD. Random access by the unit of 32-word 
x 4-bit is performed, when TAS is low after read address 
(ARO—AR12), write address (AWO—AW12) and mode setting 


flags, RF (Read Flag), WF (Write Flag) and MF (Mode Flag) 
are read into by SAD with synchronous SAS. In order to out- 
put data continuously, the address specified by SAD incre- 
ments automatically. 


Se ea a ee ie ele Me ee kes 


S/R 4 QIN} CD ON CC) I a CD) OC 1.000000 





@ MODE PROGRAMMING 


Operation mode in HM53051 is programmed by the combination of SAD 5-bit. 


< 
es 
5| 
el 
° 
> 
jo) 


tee Ce ee ee ee 


— 


Note: x means Don’t Care. 


> 
wa 
=) 


Mode 
Write/Read Address Asynchronous Transfer 


Write Address Asynchronous Transfer 


Read Address Asynchronous Transfer 


Write/Read Address Synchronous Transfer 
Write Address Synchronous Transfer 
Read Address Synchronous Transfer 


System Reset 


Inhibit 
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HM53051 Series 
@ READ/WRITE ADDRESS ASYNCHRONOUS TRANSFER MODE 


e Read Address Asynchronous Transfer Mode 


(1) Read address asynchronous transfer mode (1) (CGR: Low) 


YX D1 XXXD2 —-- D31 YX D3z2 XXX D1 YYX D2 


Add AR Add AR+1 





Note: The data block at read address AR, specified by SAD, is output starting from the 32nd system clock after the falling of TAS. 
(2) Read address asynchronous transfer mode (2) (CGR: High) 


yy YX_D2_ NA _D3_ MK _D4_ XW 


Add AR 





Notes: 1. The data block at read address AR, specified by SAD, is output starting from the 32nd system clock after the falling of 
TAS. 
2. If CGR is turned to low after 33rd clock from falling edge of TAS, the data at read address AR( D2, D3, D4... ) is output 
with synchronous CLK while CGR is low. 








e Write Address Asynchronous Transfer Mode 
(1) Write address asynchronous transfer mode (1) (GRW: Low) 


(XX D2 —— D31 XXX D32 AX D1 NX D2 


Add AW+1 Add AW+2 





Note: The data block at write address AW, specified by SAD, is taken in starting from the 1st clock after the falling edge of TAS. 
(2) Write address asynchronous transfer mode (2) (CGW: High) 





RAY WX _D2_XK_D3_ AX OM 


Add AW 





Note: If CGW is turned to low after falling of TAS, the data block at write address AW is taken in with synchronous CLK. 
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HM53051 Series 
M@ READ/WRITE ADDRESS SYNCHRONOUS TRANSFER MODE 


e Read Address Synchronous Transfer Mode 








130332 
1 2 n 31 32 33 34 63 64 65 66 


oe eee te Eels oe 


5S 






—_— SS SS rr OOOOOoOoOoOoOOWmOOOOO?™™—-—’ 
OD ED QE RSI CEASED CO. OI OCT EN CED 2D OTD CE 
Add ARN 


Add ARN+1 ————>}=———- AR 


Note: When TAS turns to low, the data block at read address AR, specified by SAD, is output after the data block at the present read 
address ARN, and the next address ARN + 1 is put out. 


e¢ Write Address Synchronous Transfer Mode 


XK D1 XXX D2 ( Dn Yat (pa XX D32AXK Di KA D2 XXX D3 


Add AW Add AW +1 





Note: When TAS turns to low, the data block being written is taken into write address AW. 


lM SYSTEM RESET MODE 


System reset mode is the same as read/write address asynchronous transfer mode except that read/write address are reset 
to 0. 


e System Reset by SAD 
Note: System reset mode starts when MF, WF, RF, AWO, and ARO are all high. 
¢ System Reset by SAS and TAS 


ae reset mode 





0107-12 
Note: System reset mode starts when both SAS and TAS are low at the falling edge of the CLK. 
e 1 Field Delay 


Note: Field-delayed data is output, when CGR and CGW turn to high before the system reset at the beginning of every field, and turn 
to low simultaneously after the 33rd clock from the system reset. 
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™@ NOTES ON USING HM53051 


Input/Output data of 32 words is not written or read in 
read/write address asynchronous transfer mode or during 
system reset. The data is written or read out in blocks of 
32-word x 4-bit. Input data of less than 32 words is not 
written in write address asynchronous transfer mode or 
during system reset. When asynchronous read address 
transfer mode or system reset mode is activated, output 
from the current data block will continue. When output 
data from the current data block is finished, the next data 
block is not read out if it has less than 32 words. 


(1) Read/write address asynchronous transfer mode 


(Write Address 
AN) 


Writing on 


(2) Read/write address synchronous transfer mode 





‘Write Address 
N) 


Din of Writing on 
Address AN 


Dout 


Din of 
| Address AN | Address AN | Address AN | Address AN 


Address AN 


Address AR Dout of Address AR + 1 AN 


HM53051 Series 


e Input data is not read out immediately. The data (32 word 


x 4-bit) is written into the memory array in the next 32 cy- 
cles after it is taken in. 

The data can be read out only after writing to the memory 
array is completed. If read address transfer mode is pro- 
grammed after the 33 word clock from on input data block, 
new data can be read out. If this mode is programmed be- 
fore the 33 word clock, new data or old data is output. 





(Read Address 
AN) 





Reading from Deut of 


0107-13 





(Read Address 
AN) 






Dout of 
Dout of Reading from Address AN Address 


0107-14 


@ HITACHI 
Hitachi America, Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 965 














HM53051 Series 
© Mode Programming 


Do not reprogram read address transfer mode before a Do not reprogram write address transfer mode or system 
read operation of the previous read address transfer mode reset mode before a write operation of the previous write ad- 
or system reset mode is completed. If it is reprogrammed dress transfer mode or system reset mode is completed. If it 
during a read operation, address becomes invalid, and the is reprogrammed during a write operation, address becomes 
device may malfunction. invalid, and the device may malfunction. 


(1) Read address asynchronous transfer mode 


PARES eee eS eee 
| | 







(Read Address AN) 





‘Read Address AM) 


Dout of 
Address AM 






Reading from 
Address AM 
Dout of 

Address AN 






Reading from 


Address AN 





(2) Read address synchronous transfer mode 


(Read Address AN) (Read Address AM) 


Reading from Dout of Reading from 


| Address AN | Address AN | Address AM 





(3) Write address asynchronous transfer mode 


Din of Writing on Din of 
Address AN Address AN Address AM 
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HM53051 Series 


(4) Write address synchronous transfer mode 


(Write Address AM) 





Din of Writing on Din of 
Address AN Address AN Address AM 
e Addresses must be set by read and write address asyn- Before an address can be set, 32 CLK initialization cycles or 
chronous transfer or system reset 100 us after power on. more are required. 


m@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Rating Unit 
Voltage on Any Pin Relative to Vss a —1.0to +7.0 Vv 


Power Dissipation ae eee: 1.0 W 
Operating Temperature Oto +70 
Storage Temperature go — 35to + 125 eC 


Storage Temperature (under Bias) —10to + 85 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC —_ Conditions (Ta = 0 to + 70°C) 


° 
QO 


° 
Q 


Supply Voltage ae ee 
Le a en Oe Oe i Oe ee 
ee a a ee ee a ee a ee ee ee 
Le a ee ee ae ee es ee ee 


Note: 1. — 3.0V for pulse width < 10 ns. 
¢ DC and Operating Characteristics (Ta, = 0 to +70°C, Voc = 5V +10%, Vgs = OV) 


Tout = OmA 

Mees = 5.5V 
Input Leakage Current I —10 

oF = "VI 
Output Leakage Current I — 10 


Output Voltage VOL a a lop = 4.2 mA 
— 





Note: This parameter is sampled and not 100% tested. 
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HM53051 Series 


e AC Characteristics (Voc = 5V +10%, Ta = 0 to +70°C) 
AC Test Conditions 


Input and Output Timing Reference Levels: 


Input Pulse Levels: 
Input Rise and Fall Times: 
Output Load: 


968 


(Including scope and jig) 


Parameter 


System Clock Cycle Time 


CLK Pulse Width 


Access Time from CLK 

Output Hold Time 

Output Enable Access Time 
Output Enable to Output in Low Z 
Output Disable to Output in High Z 
CGR Setup Time 

CGR Hold Time 

CGW Setup Time 

CGW Hold Time 

Write Command Setup Time 
Write Command Hold Time 

Data Input Setup Time 

Data Input Hold Time 

SAS Cycle Time 


SAS Pulse Width 


Serial Address Setup Time 

Serial Address Hold Time 

SAS Setup Time during Mode Programming 
SAS Hold Time during Mode Programming 
TAS Setup Time 

TAS Hold Time 


SAS Setup Time during 
System Reset by SAS/TAS 


SAS Hold Time during 
System Reset by SAS/TAS 


1.5V 
Vss to 3V 
5 ns 
2 TTL + 50 pF 


Symbol 


okt f et | ot 
Q |O {OQ 
mairia 


S |S 
m |O 


tORA 
toLz 
tOHZ 
tGRS 
tGRH 
tGws 
tGWH 
twcs 
twcH 
tps 


tsH 
tsAs 
tsAH 
tssH 
tSHH 
Ts 
(TH 


tssL 


tsHL 


@ HI 


HM53051-45 
Min Max Min 


re 
ie 
ee ae 
SS ee 
a ae a 


-h 
; 


TACHI 


HM53051-60 


Max 
300 


Ps =) 


Ww 
fa) 


N 
ja) 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


HM53051 Series 


@ TIMING WAVEFORMS 
¢ Read/Write Cycle 











town 





tows 
| A 


twes 


WE OK | ___ YXXXXXXXXKXKKNX 


XXXKXXA 








twen 





NZ \ 
UV VW VAY VS VAY V/V 


es XR} RXXXXKX KAKA 





XXX 


OCCees 





\V, 
/\ 


5 ey 


CGR 


rT YY | 


OXKKXXXXXKKKKK 1 YY 


x YXXKKXKKEXKXKKK | YN 
a COCCCNOCCE Aa ON watt 










Notes: 1. Write cycle starts when CGW is low and WE is low. Data are not written when WE is high. Time-compression mode is 





realized by controlling CGW. 
2. Read cycle starts when CGR is low. Time-expansion mode is realized by controlling CGR. 


e Read Cycle (OE Control) 


Wk FI 7TV ITT 


toga 


OY — 


Notes: 1. toyz is defined by the time at which the output achieves the open circuit condition. 
2. to_z and toyz are sampled and not 100% tested. 
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HM53051 Series 
© Mode Selection 


tec 
ter 


x) Cw XXXXX XX OQ 
ANNNN 77, 


Note: SAS operates asynchronously with CLK. When TAS is low at the falling edge of the CLK, the addres transfer cycle starts. SAS 
should be high during the address transfer cycle. 


e SAS, TAS Reset Mode 





GE A 
Ne CU 





Note: The mode which was selected by SAD before SAS and TAS reset, if SAS and TAS are reset, should be changed because SAD is 
newly taken into by SAS. The mode should be reselected by SAD after SAS and TAS reset. 


@ HITACHI 
970 Hitachi America, Ltd. « Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HM53461 Series 


65,536-word x 4-bit Multiport CMOS Video RAM 


m™ DESCRIPTION HM53461P Series 


The HM53461 is a 262,144-bit multiport memory equipped with a 64k-word x 
4-bit Dynamic RAM port and a 256-word x 4-bit Serial Access Memory (SAM) port. 
The SAM port is connected to an internal 1,024-bit data register through a 256-word 
x 4-bit serial read or write access control. In the read transfer cycle, the memory 
cell data is transferred from a selected word line of the RAM port to the data regis- 
ter. The RAM port has a write mask capability in addition to the conventional opera- 
tion mode. Write bit selection out of 4 data bit can be achieved. 

Utilizing the Hitachi 2 wm CMOS process, fast serial access operation and low 
power dissipation are realized. All inputs and outputs, including clocks, are TTL 
compatible. eonen 


(DP-24A) 
m@ FEATURES HMS53461ZP Series 
e Muitiport Organization 


(RAM; 64k-word x 4-bit and SAM; 256 word x 4-bit) 
e Double Layer Polysilicon/Polyicide n-Well CMOS Process 
e Single 5V (+10%) 
e Low Power 





Active 
FUP 5 Bod de Oe wai e et Aa Ave ae wee da eee ea Ee a 380 mW (max) 
SAM oils ca betel ce Gained ace Se an se ard eee ee eased nae 220 mW (max) 
SIANODY sere hashes lana Leet a teu eee eames Meee aes 40 mW (max) 
e Access Time ApreoA 
PAM a titcite oR anied si oe Poe Petras awe baein beak 100 ns/120 ns/150 ns (ZP-24) 
DAM hice wae eeu er ee eee algal te ules Oeagunen. 40 ns/40 ns/60 ns 
e Cycle Time Random Read or Write Cycle Time (RAM)..... 190 ns/220 ns/260 ns 
Serial Read or Write Cycle Time (SAM)........... 40 ns/40 ns/60 ns 
e TTL Compatible 
© 256-Roetresh GycleS 3 205 24isi see So5e da hea ee ane teas ak aenss Meee tes 4ms 


e Refresh Function 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 


e Data Transfer Operation (RAM <—> SAM) 

e Fast Serial Access Operation Asynchronized with RAM Port Except Data Transfer 
Cycle 

e Real Time Read Transfer Capability 

e Write Mask Mode Capability 


@ ORDERING INFORMATION 





HM53461P-10 400 mil 24-pin 
HM53461P-12 Plastic DIP 
HMS53461P-15 (DP-24A) 
HM53461ZP-10 24-pin 
HM53461ZP-12 Plastic ZIP 
HM53461ZP-15 (ZP-24) 
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HM53461 Series 
@ PIN OUT 


HMS53461P Series HM53461ZP Series m@ PIN DESCRIPTION 
Pin Name Function 
Ao-A7 Address Inputs 
1/0;-1/04 RAM Port Data Input/Output 
SI/O,-SI/04 SAM Port Data Input/Output 
RAS Row Address Strobe 
CAS Column Address Strobe 
SC Serial Clock 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SOE SAM Port Enable 
Vcc Power Supply 
Vss Ground 


(Top View) (Bottom View) 





@ BLOCK DIAGRAM 
10: 102 103 IO. 


Write Mask OE clock 
I O buffer FL Omer | 1 O buffer I 0 buffer seueestar 
WE clook a 


{ieee oes Gee sone 


Transfer 
trol 
64K memory 64K memory 64K memory 64K memory Saas 
CAS C CSS cle array array array array 
ge 


SOE clock GALE 
RAS o—~ RAS clook 
generator 


256 data 256 data 256 data 256 data 
Aj register register register register a 
1 © 
= [Fomer [Pater YP Pemer__[ Pomer f} 4 Stctct bo sc 
X address 
ne ae oe 
buff. 
=. S102 S103 S10. 


Vin generator 
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HM53461 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Relative to Vss Vv 
Power Supply Voltage Relative to Vss V 
Operating Temperature, Ta (Ambient) ae 
Storage Temperature °C 
Short Circuit Output Current mA 
Power Dissipation Pr fd W 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta, = 0 to +70°C) 


ae | 


Voc 
Input High Voltage 
Vit 2 


Notes: 1. All voltages referenced to Vgs. 
2. —3.0V for pulse width < 10 ns. 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


P t Symbol Steaua A HM53461-10 | HM53461-12 | HM53461-15 | Unit stediaton Not 
arameter mbo - - ni ote 
a Standby Test Conditions 
EN Icc1 | — | mA | RAS, CAS Cycling 
perating Current isc; 00 tro = Min 
mA lees axe 
Standby Current see} rm RAS, CAS = Vig 
CC8 m 
Icc3 50 AS = Vin, 


RAS Only Refresh Current RAS Cycling 


trc = Min 


RAS = Vir, 





[x |» [| «© 
ce Me oe 
a a 
a aa 
-| > |» [2 
Cx|[_» | « [= 
ae pe |e 
x] _« [fo 
T= [10 [900 
z 


x 
x 
xX 
xX 


Page Mode Current CAS Cycling 
Icio tpc = Min 
I 50 ore : 

CBR Refresh Current _ a a ae 


Bis js; B IES 5 
>), > [| & [> > 


= 
| — | ete 
3 
=[>[-p* 
cos | — 
leon | Xx _| fc 200 5] 
Data Transfer Current — ie Ces RE 


V 
Vv 


m 
mA | RAS, CAS Cycling 


@ INPUT/OUTPUT CAPACITANCE 


vosve | ce | 


Cos 
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HM53461 Series 


m™ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta = Oto +70°C, Voc = 5V +10%, Vgg = OV)1: 10, 11 





Setup Time (CAS Before RAS Refresh) tcsR 
CAS Hold Time (CAS Before RAS Refresh) tCHR 
RAS Precharge to CAS Hold Time trPc 
CAS Precharge Time Cc 

Access Time from OE toac 


1 


oO 
=) 


nN 
>) 
ro 
an 
w 
a) 


Min [Max [Min [ Max [Min [Max 
Random Read or Write Cycle Time tre =| 19 | — | 20 | — | 20 | — | os | 
Output Buffer Turn-off Delay Referenced to CAS ftom | o | 2 | 0 | 30 | o | 4 | os 5 
Transition Time (Rise and Fall) ee ee ee ee ee eee ee 6 
Write Command Pulse Width | twp esse eee ae ees 
Write Command to RAS Lead Time ftewe | 35 | — | 4 | — | 4 | — | os | 
Read Command Hold Time Referenced to RAS tee 10! ee NO eee I ee 
_RAS Pulse Width (Read-Modify-Write Cycle) 10000 
CAS to WE Delay 12 
| 10 [lo 
| 20 | 25 


KO } Ww 
oS 


— 
© 
So 


5 


oo 


o 


Output Buffer Turn-off Delay referenced to OE toFF2 


nN — 
o as 


as 
fon) 


o> 

ae] 
Ww] w 
ws 


OE to Data-in Delay Time topD 25 
OE Hold Time referenced to WE toEH 


Data-in to CAS Delay Time tpZc 


— 
j=) 
— 
GN 
>) 


Ww — 
So Ww 


aN 
fon) 
On 


Data-in to OE Delay Time tpzo 


OE to RAS Delay Time torD 3 


wa 


Serial Clock Cycle Time tscc 40 
Access Time from SC tsca eee | 40 ae 40 10 
Access Time from SOE | ltsza | — | 25 eee | 30 40 10 
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HM53461 Series 


M@ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta = Oto +70°C, Voc = 5V +10%, Vgsg = OV)1: 19, 11 (continued) 


7 : Sumbol HM53461-10 HM53461-12 HM53461-15 
arameter mbdo 
ymtol agin [Max [Min Min 


Unit Note 


SC Precharge Width tscp Pe 1O¢ hy ee 


Serial Data-out Hold Time after SC High tsoH 
Serial Output Buffer Turn-off Delay from SOE tsEz 


ee 0 | 
Serial Data-in Setup TIme tsIs Pea eee fe OL eee 
eee 


E 
Loa] 
an) 


= 
wn 
e 
oO 
wr i) 
Ms 


Serial Data-in Hold Time 


| tscp 
| tson | 
| sez | 
tsis 
DT to RAS Setup Time | tors | 0 | 
| RD 
| tore | 
| tcpx _| 
| tspp 
| tspu | 
| tore | 


i=} 


| 

eed 

DT to RAS Hold Time (Read Transfer Cycle) tRDH | so | — | 90 | 
| = 
| — | 


DT to RAS Hold Time tpTH 

DT to CAS Hold Time es 

Last SC to DT Delay Time tspp See 

First SC to DT Hold Time tspH be 8 ie ees SO oe] CaO 

1/0 to RAS Setup Time Ee ee ee ee 

Serial Output Buffer Turn-off Delay from RAS | tspz | 10 | so | 10 | 6 | 10 | 7 is 
Serial Data Input Delay Time from RAS Cees Seas ae SEs 


Notes: 1. AC measurements assume ty = 5 ns. 

2. Assumes that tpcp < trcp (max). If trep is greater than the maximum recommended value shown in this table, trac 
exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that trop 2 trcp (max). 

5. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

6. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vy and Vy. 

7. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a reference point only, 
if trcp is greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcac. 

8. twcs and tcwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcewp 2 tcwp (min), the cycle is a read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

9, These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

10. Measured with a load circuit equivalent to 2 TTL and 50 pF. 
11. An initial pause of 100 ys is required after power-up. Then execute at least 8 initialization cycles. 





| 


\ 
\ 
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HM53461 Series 


@ TIMING WAVEFORMS 
e Read Cycle 


| 
eee 
Address 7X now BOD LN OY LL LLL LL Le 


TAL be 


1/0 
(Output) 


input tee 


Do not care 


WE LLL LLLLLL)” | | Kez 
eo 


ua ag as 
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e Early Write Cycle 


tre 


ome 


taSR Fels ae 


Address DX My pil MLL hh he 
OI 


Cinpet KD Fer LLMLLLLLLLLLLL 


1/ High Z 


oY YL LLL, 


Do not care 
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Note: *1. When WE is ‘“H’’ level, all the data on the I/O can be written into the cell. 
When WE is “L” level, the data on the I/O are not written except for when I/O is “high” at the falling edge of RAS. 
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HM53461 Series 
¢ Delayed Write Cycle 


trc 


tRAS | 


i 


|S , ses ee 
task 


-- | | 
same DR KOR me KT TTT 


ng A  tcan 


Co MY WMT 
WE /) (| b lS 
nn ee |S 


. et ce CITT 


dow 7 YR TT TILL LLL 


High-Z 


t 


Do not care 
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Note: *1. When WE is “H” level, all the data on I/O0;—I/O,4 can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written except for when I/O = “H” at the falling edge of RAS. 


e Read-Modify-Write Cycle 


elle ol 
raven) mm» KX com KZ TT 


gE ull 
ae TTX. 7 ae NLL LLL 


1/0 Ip * Fay 
TDK} — KEWL 


ee, 
| 7 VALID > 


ona wr] [Pane — a fons 
mae 777) wl» NLT 


Do not care 
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Note: *1. When WE is “H” level, all the data on I/O;-I/Og can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written except for when I/O = “H” at the falling edge of RAS. 
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HM53461 Series 
e Page Mode Read Cycle 


trc 
— — 


Cc 
tasK bbe 
Pa 
Address /) t row } 


am samp Daticn LLLLLL LLL 


{kRH 


Afi 
we i aim > Le 
ae = 


1/0 eed 


fs fet — fat 


(Input) 


tea s 


pve 77h Ea KITT: Sth to 


V7A Do not care 
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e Page Mode Write Cycle (Early Write) 


RSH 
tre {CAs {CAs 


k— ‘SID 


EK = eens mo TTT AS KTTIITILT 
oi Yam Yank mm 


ts yen : 
a 


es CB oo UE EE KILL LLLLL 


1/0 High-Z 
(Output) 22751 


DTH 


DT OEE NILLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL 
77Q Do not care 
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Note: *1. When WE is “H” level, all the data on I/O;-I/O, can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written except for when I/O = “H” at the falling edge of RAS. 
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HM53461 Series 
e Page Mode Write Cycle (Delayed Write) 


TD NOIDA Tt 


© COLUMN 


La Sg 
alm CTD CHT 


KLLLLLLLLLL 





®. 6, 


all the ae on I/O,;- ee sn e written into the memory cell. 
‘3 ne ie data on I/Os are not written except for when I/O = oe at the falling edge of RAS. 


aS IK CTL 
saiou IK roe KT 


12 4 
om — | CETTE 





NCLLLELLLLLLLLLLLLLLLLLLLLLL: 
(774 Do not care 
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HM53461 Series 
¢ CAS Before RAS Refresh Cycle 


88° ULL LLLLLLLLLLLLLILLLLLLLLULLL 


"’EYMUMUMLULMLLMLUMLA LLL. 
time ALLL 


High- Z 


‘ 


‘0 
Output) 


OF i eaeaeneunenmcnentemncemmnein 


Do not care 
0108-12 





¢ Hidden Refresh Cycle 
RAS =F 


tre tre 
me 


zie: TTT 


WE a ap 


Tm 


/ / A Do not care 
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HM53461 Series 


e Read Transfer Cycle (1)"1: “2 


tre 


tasrR i 


=I 


Address // ee CALLLLLLLLG LP LELLLLLLLL 
we “// 1 Sale wee aaa 
TL me petal 


[ RI coo: | 
TLL TELL 


thts 
tRDH 


i NTT 


Isc tspp 


oy 


tsou 


: Le 
30 KE HOKE NEEM 
S10 High-Z Row Nex hoe 
(Input) 


// fA Do not care 





Notes: *1. In the case that the previous data transfer cycle was read transfer. 
*2. Assume that SOE is “L”’ level. 
*3. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 


e Read Transfer Cycle (2)*1; “2 
tre 
a 
Pree, | Cemented 7 aie 
7 Pf 


sor 
Address { row | Gaeae RT f/ 
ls LULL LAL 


WE /// b= ROLL 


Ps | 
LLL 
a 5 UTIL 


THONG 0.000 


= 
fa. [ene RK KN z ie 
ae tN 
a, 
(ou TTD KID 


4 


ne Lai Ly 77] Do not care 
SI/O ep CGHHMULL TT rss) Inhibit rising transient 


(Input) 





Notes: *1. In the case that the previous data transfer cycle was write transfer or pseudo transfer. 
*2. Assume that SOE is “L”’ level. 
*3. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 
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HM53461 Series 


e Pseudo Transfer Cycle 


= fs —— 
» EU MIMI 
me MYWII TTT 


b= PLL LLLLLLLLLLALLLALLLALALALLLLL. 
era 
Ais. KXQOOXXKAAAAY 
eee INI SE = = aneeen 
‘Sow — _Z777D iain ea 





Note: *1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 


¢ Write Transfer Cycle 


Be 
I, Sem GE K/LLLL/ ITI 
25 OO TTT 


| TTT 
0 TTI 
. CO XXXXX fo 


the 28 MZ ZZTTTTTL TTT KDR ca 


EH Inhibit rising transient 


SI/O 
(Output) 





108-17 
Note: *1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 
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HM53461 Series 
¢ Serial Read Cycle 


08 TT TTT «SET 


A Valid 
out 






utput 


Do not care 


POE LLL LLL LLL LLLLLLLLLL/ LLL 


ia 77K 8 7 {st K/ 
L eS LLLLLLLLL) Le [/} 












Do not care 








HM53462 Series 


65,536-Word x 4-Bit Multiport CMOS Video RAM (with Logic Operation Mode) 


@ DESCRIPTION HM53462P Series 


The HM53462 is a 262,144-bit multiport memory equipped with a 64k-word x 
4-bit Dynamic RAM port and a 256-word x 4-bit Serial Access Memory (SAM) port. 
The SAM port is connected to an internal 1,024-bit data register through a 256-word 
x 4-bit serial read or write access control. In the read transfer cycle, the memory 
cell data is transferred from a selected word line of the RAM port to the data regis- 
ter. The RAM port has a write mask capability in addition to the conventional opera- 
tion mode. Write bit selection out of 4 data bit can be achieved. RAM port has an- 
other new function, logic operation capability. By this function logic operation be- 
tween memory data and input data can be done in one cycle. Utilizing the Hitachi 
2 wm CMOS process, fast serial access operation and low power dissipation are ceukees 
realized. All inputs and outputs, including clocks, are TTL compatible. (DP-24A) 


@ FEATURES HM53462ZP Series 


¢ Multiport Organization 
(RAM; 64k-word x 4-bit and SAM; 256-word x 4-bit) 
¢ Double Layer Polysilicon/Polyicide N-Well CMOS Process 
e Single 5V (+10%) 
¢ Low Power 





PCUVG FAM odo eb ioe eee ee oN eed Oba obi eae dees ee 380 mW (max) 
SAM ra enctih he ou ai Died aa oa oe aonelee ae enna aos 220 mW (max) 
SlANOOY vein thera aes tte ae eee ee eore meee WOR’ 40 mW (max) 
e Access Time ayseod 
PRAM so aa titan iadya i 8 GPa raven x acho ted nee: bene Ree RAMA 100 ns/120 ns/150 ns 
SAM. a nected wees bead kas eit ele wie setae 40 ns/40 ns/60 ns 
e Cycle Time 
Random Read or Write Cycle Time (RAM)............ 190 ns/220 ns/260 ns 
Serial Read or Write Cycle Time (SAM).................. 40 ns/40 ns/60 ns 
e TTL Compatible 
@-256 Reresh: GCYCIOS x .005n086. 2a Gad an tar shed et en Gan eehedalodamebee tauren 4ms 


e Refresh Function 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
¢ Bidirectional Data Transfer Operation (RAM <—> SAM) 
e Fast Serial Access Operation Asynchronized 
with RAM Port except Data Transfer Cycle 
e Real Time Read Transfer Capability 
e Write Mask Mode Capability 
e Logic Operation Capability between Dj, and Dout 
¢ SAM Organization Can Be Changed to 1024 x 1 


@ ORDERING INFORMATION 





HM53462P-10 400 mil 24-pin 
HM53462P-12 Plastic DIP 
HM53462P-15 (DP-24A) 
HM53462ZP-10 24-pin 
HM53462ZP-12 Plastic DIP 
HM53462ZP-15 (ZP-24) 
© HITACHI 
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HM53462 Series 


@ PIN OUT m@ PIN DESCRIPTION 

HM53462P Series HM53462ZP Series Pin Name Function 
Ao-A7 Address Input 
I/O,-1/04 RAM Port Data Input/Output 
SI/O,;-SI/04 SAM Port Data Input/Output 

S1/03 4 RAS Row Address Strobe 
nee CAS Column Address Strobe 

SC Serial Clock 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SOE SAM Port Enable 
Vcc Power Supply 
Vss Ground 





Memory Array 
(256 x 256) 


256bit Data Register 
1 of 256 Selector 


Other SI/O (2-4) 
Are in High-Z State. 


Mask 


BY 4 Mode 2564 
(Normal Mode) 
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HM53462 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Voltage on Any Pin Relative to Vss —10to + 7.0 V 
—0.5to + 7.0 V 


Power Supply Voltage Relative to Vss 


Operating Temperature Oto +70 i 
Storage Temperature — 55to + 125 °C 


VT 
Vcc 
T 

I 

Py 


Short Circuit Output Current 


¥ 


Power Dissipation 


@ INPUT/OUTPUT CAPACITANCE 


Mm ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta, = 0 to +70°C) 


Notes: 1. All voltages referenced to Vss. 
2. —3.0V for pulse width < 10 ns. 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vgs = OV) 
SAM Port HM53462 | HM53462 | HM53462 
RAM Port eae unit | Note 
Operating Current RAS, CAS Cycling {toc | — | X | 7 [| 6 | 50 | mA 
Se eee | ee 
Standby Current RAS, CAS = Viy 
Piece | x | — | | « | 0 | ma_ 
RAS Only Refresh Current eae Ce a ee ee ee 
PageModeCurrentRAS = Vn,  |tcce | — | x | 50 | 4 | 35 | mA 
CBR Refresh Current RAS Cycling | Iccs_ | — | X | 6 | 50 | 40 | mA 
Data Transfer Current | oos | — | xX | om | 65 | 55 | ma | 
Parameter Symbol | Min Unit Note 


Input Leakage 


Output High VoltageIoH = — 2mA | Von | 
ae | ee eee ee 


Output Low VoltageIo, = 4.2 mA 


pA 
pA 
V 
Vv 


© HITACHI 
986 Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


ay 


HM53462 Series 


e Electrical Characteristics and Recommended AC Operating Conditions 
(Ta = Oto + 70°C, Voc = 5V + 10%, Vgg = OV)1; 10, 11 





Referenced to CAS 
game [wm [ow [- [» P- P* T fo 
Referenced to RAS 
iets [| | [= [me | [me fo 
CAS to WE Delay ftcwo | 8 | — | wo | — | ws | — | mw] 8 
Satie fe | P= fe p= pet le 
(CAS Before RAS Refresh) 
Monee [ee [> | - p> =f» [= l= 
RAS PrechargetoCASHold Time | trpc | 10 | — | 10 | — | 10 | — | os | 
CAS Precharge Time ae a eee ee Sees 
Access Time from OE ftoac | — | 3 | —~ | 3 | ~ | | os | 
a a de 
Referenced to OE 
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HM53462 Series 


e Electrical Characteristics and Recommended AC Operating Conditions (continued) 
(Ta = Oto +70°C, Voc = 5V + 10%, Vgg = OV)1, 10, 11 


HM53462-10 HM53462-12 HM53462-15 


Parameter Symbol 


Min Min Max 
Data-in to CAS Delay Time tpzc 
Data-in to OE Delay Time tpzo 
OE to RAS Delay Time torRD 35 4 


Serial Clock Cycle Time tscc 40 


Access Time from SC tsca 


_ 
So 
Un 
SOS . 
[) an 
w > 


| Min 
=e 
a 
| 35 
| 40 
Pee 
Access Time from SOE tsRA lee al i 
SC Pulse Width ts a 0 
SC Precharge Width tscp es HOR 1 
Serial Data-out Hold Time ; | 0 | po i 
after SC High SOH 
ait we Buffer Turn-off Delay a | eG 25 ef 25 ro 
meet fe [> [- fe] - ff 
(Read Transfer Cycle) 
from RA 
from RAS 
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Unit 


Note 


— 
jan) 


Notes: 1. 


HM53462 Series 


AC measurements assume ty = 5 ns. 


2. Assumes that trpcp < trcp (max). If trep is greater than the maximum recommended value shown in this table, trac 


pw 


10. 
11. 


exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Assumes that tpcp 2 trcp (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 


levels. 


. Vix (min) and Vy; (max) are reference levels for measuring timing of input signals. Also, transition times are measured 


between Vyy and V7,. 


. Operation with the trcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only, 


if trcp is greater than the specified trop (max) limit, then access time is controlled exclusively by tcac. 


. twc, and tcwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 


only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcewp 2 tcwp (min), the cycle is a read-write and the data output will contain data read 
from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 


. These parameters are referenced to CAS leading edge in early write cycle and to WE leading edge in delayed write or read- 


modify-write cycles. 

Measured with a load circuit equivalent to 2 TTL and 100 pF. 

After power-up, pause for more than 100 ps and execute at least 8 initialization cycles. Then execute at least one logic reset 
cycle including write mask reset (on the falling edge of RAS, WE = “Low” and I/O;-I/O = “High”), and execute one or 
more transport cycle for initiation of SAM port. 


@ TIMING WAVEFORMS 
e Read Cycle 





Address 


[bm 


i P 
"ZL 


ae 


(Output) 


Input) 2 YZ 
ae: 
OETA CLL1r 


Do not care 
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HM53462 Series 
e Early Write Cycle 


~ 
| 


wd 

4 

=x 
v 


| 
iE 

ee”. 
ali 


yy, 


CLR! KOYLLLLLLLLLLL 
a VLLILLILLLL L 


uinpu) Zt RD i PRYLLLLLLLLLLL 


[ High Z 


toTs tDTH 


5 


Address 1) 4 


: 
S 


me cl tweH 
tbH 


~ 


vw, 


.f 


10 
(Output) 


" @D RMILLLLLLLLLLILLL LLL. 


Do not care 





Notes: *1. When WE is “H” level, then all data on the I/O can be written into the cell. When WE is “L” level, the data on the I/O 
are not written except for when I/O is “H” level at the falling edge of RAS. 


¢ Delayed Write Cycle 


ny 


ie was mal aote 
mill C= KITT 


tits 


ma Z| LLL 
tom DKK 


Cn KK TTT 
WE ZX |; —— 
one egy |S 


1/0 High- Z 
(Output) 
Do not care 





Note: *1. When WE is “H” level, all the data on I/O;—I/O4 can be written into the memory cell. When WE is “L” level, the data on 
I/Os are not written except for when I/O = “H” at the falling edge of RAS. 
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HM53462 Series 
¢ Read-Modify-Write Cycle 


Address 1 i — saath 


we //} = im mmm 
“= IX} — AK aM 


pnt 
A ( 


(Output) apo [Pear : a sat 
1), my TTT 


Do not care 





Note: *1. When WE is “H” level, all the data on I/O,—I/O,4 can be written into the memory cell. When WE is “L” level, the data on 
I/Os are not written except for when I/O = “H” at the falling edge of RAS. 


e Page Mode Read Cycle 


{rc 


= 


tRSH 


} tRCD piss ; 
AS 
CAS < 


= 
ay EXEL CT mae: CUT] ‘= 


NE as , ae A | ves NLL/ 


oes ol 





4 we ola maa: 


min Tf WD a ae a 


(7A Do not care 
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HM53462 Series 
e Page Mode Write Cycle (Early Write) 


et “4 tc au 


Some co XD) ap CLLLLLLLLLLL 


aL 


As foe TIT. ml yom 
ae = PATI EAI TTT 


1/0 High Z 


(Output) (is 1 
tpi 


OETA NIELLTLLLLLLLLILLLLLLL LILLE L. 
77] Do not care 


0109-9 


WE 





Note: *1. When WE is “H” level, all the data on I1/O,-I/Og4 can be written into the memory cell. When WE is “L” level, the data on 
I/Os are not written except for when I/O = “H” at the falling edge of RAS. 


¢ Page Mode Write Cycle (Delayed Write) 


Ay e 
et =e 
Address 7) CHLLLL a mn 


aoe inm 


(nut oS SHIGA CTS LLLLLLLLLL 


toEH 


KZ/LLLLLLLL 
Do not care 


Note: *1. When WE is “H” level, all the data on I/O)—I/O4 can be written into the memory cell. When WE is “L” level, the data on 
I/Os are not written except for when I/O = “H” at the falling edge of RAS. 
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HM53462 Series 
¢ RAS Only Refresh Cycle 


N 
torp 
as 


as //] MLLLLLLLLLLL 


ts 


SR tea 4 
psrene 0m XT 


torF 4 


(output TLL 
(input LILLLLLLLLILLLLILILIILULLLUALULLULUL 


tors || *otH 


roe //] MLLLLLLLLLLLLLLLLLLLLLLUU”x 
[ZZ] : Don't care 





¢ CAS Before RAS Refresh Cycle 


trp tee 
tas 


RAS | N 7 
tour torp 


CAS 


mae TLL LLLIL ILI LLLLET LLL LSI LLL LLL. 


s |] ‘wu 


we LLL/// MLLLILILILLILLLLLLLLLLULLL 
Ome) LLLLLLILLLLLLLLLLLLLLLLLLLLLLLLLLLLLL_ 


(Output) 


WE ALLL LLL LLL LLL LLL 


77] : Don't care 
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HM53462 Series 
¢ Hidden Refresh Cycle 


: te 


oh 


address '/ J =e << 


tws 


aan ae 
we aa nose] KAZZA//LL/PLL/ 


a: torr 4 
1/0 


m8 go A ITT 


toze 


int) LZ : — 
V7] Do not care 


0109-13 





e Read Transfer Cycle (1)*1, *2 


tee 


\ tras 
[co ft ve 
i —— bs fe) 


= vale, ete 


atcrens 77) <= +. WILLLLLLLLLLLLLLLLLLL. 
We ele UML UUUIUMIIIUMUIIUA 


1/0 High-Z OTL 
(Output) 


ft eo — sj] 
(input $$ 
ove Dus —  — 77777 


tspy 


SC 


coutput) ZX Sout L/P Sout KLM Sout RLM Sot KLLL 


deep Previous Row New_ Row 
(Input) YZ) Do not care 





0109-14 


Notes: *1. In the case that the previous data transfer cycle was read transfer. 
*2. Assume that SOE is “Low”. 
*3. CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start 
Address. 
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HM53462 Series 
e Read Transfer Cycle (2)*1; *2 


tre 
tras 


N 
; trop ‘RSH 


CAS A tcas 
tasR veal lean usd 2 
Address a, 4. WLLL LL LL. 


we /f as fei THLE. 
| High-Z_ [oR 


High-Z 


RAS 


1/0 
Ghee 


Pe — te — ay 
(input "| ROPER se ese 


ae 
DT/OE os 


Sc 


S! / 0 
(Output) 
tsiH 

tsis 
VWZA Do not care 


fined SS RIL L 3 EQ] Inhibit rising transient 


0109-15 





Notes: *1. In the case that the previous data transfer cycle was read transfer. 
*2. Assume that SOE is “Low”. 
*3. CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start 
Address. 


e Pseudo Transfer Cycle 


tee 


trp = RSH ,* 
= _t 
Address “79 WLLL LLLLL 


io TT 


tots 


De a WT) WLLLLALLLLLLLLLLALLLLLL LLL. 
1ST 


S!/O 
(Input) 





VW Do not care 
sI/0 
(Output) A ROM] Inhibit rising transient 


0109-16 





Note: *1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 
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HM53462 Series 


e Write Transfer Cycle 


tase << 


aacrees //) — +, ee 


tesH 


« "“W/77// LLL LLL 


CAS 


ares BEAL TTT 
ss TnL 


tsps ‘sce 
Sc / 
tsis 


amput) eS PLL LLL LL SLL 


V7 Do not care 
SI/0 High-Z 
(Output) ate | Inhibit rising transient 


0109-17 





Note: *1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 


¢ Serial Read Cycle 


N r N 


ts¢ tsc 


tsou 
28 XZ ns UN, 
(Output) q /K Sout Sout K/ /B Sout 
tsca tsEz tsca 777A Do not care 


0109-18 
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HM53462 Series 
¢ Serial Write Cycle 


Do not care 





e Electrical AC Characteristics (Logic Operation Mode) 


aa me | vin [Max [Min Max 
CAS Pulse Width in Write Cycle | tors | 80 | 10000 | 95 |} 10000 | 105 
CAS Hold Time in Write Cycle 140 ae 165 
= 


RAS Hold Time in Write Cycle terse | 80 | 


Page Mode Cycle Time (Write Cycle) tree =| 100 «| Us 120 


CAS Hold Time t 120 
(Logic Operation Set/Reset Cycle) FCHR 
CAS Hold Time from RAS Precharge t 10 10 
(x4 — x1 Set Cycle) PSCH 


Unit | Note 
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HM53462 Series] A 


e Logic Code (FCO-3 are AX0-AX3 in Logic Operation Set Cycle) 


FC3 FC2 FCl FCO a 
Write Data 
0 LO hy ea ee | — — SAM Organization Changes to 1024 x 1 
0 | 1 | 0 | 1 | THROUGH | Di ~> Logic Operation Mode Reset 
1 Poa fa fT NAND Di + Mi Di :External Data-in 
a ae i a a ae eee ONE _—-Mi_:The Data of the Memory Cell 


¢ Logic Operation Set Reset Cycle (With CAS Before RAS Refresh) 


Saf |} 
naires T1TT X_N TLL LLL LLL LLL 


a TTD VOTED 
teu ZZ = XT 


1/0 
(Output) 


PRE DLL LLLLLLLLLLLLLLLLL LLL LLL LL LLL 


Do not care 





Notes: *1. Logic code Ag—A3 (Aq4—A7: don’t care) 
*2. Write mask data. 
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HM53462 Series 


m@ LOGIC OPERATION MODE 
e Early Write Cycle 


| trp 


trCSH 


{CFS 


IC AH 


ee AM 


tucH 


la a 
tase nan a 
[ row KY 


Address 


C 


— 
= 
= 
St 


“ 


—— 


POD DYHEY(MMMMUhL_e 


tou 


1/0 
(Input) 


RLLLLLLLLLLLL LLL LLL. 


LLL Do not care 


0109-21 


Note: *1. When WE is “high”, the all data on the I/O can be written into the cell. When WE is “low”, the data on the I/O are not 
written except for when I/O is “high” at the falling edge of RAS. 





¢ Delayed Write Cycle 


rene I oom WN — KITT TTT) 
3 oe 
=D = MTD TTT TTT 


ql = 
nol [ ZTE 


tats tp# 


tow YR mmoerne ATT LLL LLL 





vo HIGH Z 
(Output) 
LIA Do not care 


0109-22 





Note: *1. When WE is “H” level, all the data on I/O,_4 can be written into the memory cell. When WE is “L” level, the data on 
I/Os are not written except for when I/O = “H” at the falling edge of RAS. 
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HM53462 Series 
e Page Mode Write Cycle (Delayed Write) 


tt RO 


{RFS 


ace thon Sr ayy ees fle. 
| ek: —~ 


rire 7 “ee —_ TTS = ae a a Wee 


TSS 


“tT 
a) LLL. {LLL t_WZZIPM_ TTT 


“tT 


10, a) us EXIT, TIX TUTTI 


10 
(Output) 


torH 


LLLLLLLLLL 
(7A Do not care 
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Note: *1. When WE is “high”, the all data on the I/O can be written into the cell. When WE is “low”, the data on the I/O are not 
written except for when I/O is “high” at the falling edge of RAS. 


¢ Page Mode Write Cycle (Early Write) 


teRC 


nae eee My ar 


Se 
CRS a : aes 


tAsR ri tCAH 


seen DX = Kem DK TTL YOLLTLILLLL 
ae WT uh ra 


) HD a 7 KA/TLLLL/ 


HIGH-Z 


tas 


MILLIE LLLLLLLLLELLLLLELLELLLELL LL 


Do not care 





0109-24 


Note: *1. When WE is “high”, the all data on the I/O can be written into the cell. When WE is “low”, the data on the I/O are not 
written except for when I/O is “high” at the falling edge of RAS. 
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M@ DESCRIPTION 


1. LOGIC OPERATION MODE 


HM53462 has an internal logic operation unit which 
makes a process of graphics simple. The logic is determined 
in “Logic operation set/reset cycle”, and the operation is 
executed in every write cycle succeeding to the logic opera- 
tion set/reset cycle. In this mode the internal read-modify- 
write operation is executed and the cell data is converted 
into the new data given by the logic operation between Din 
and the old cell data. 


2. LOGIC OPERATION SET/RESET CYCLE 


A logic operation set/reset cycle is performed by bringing 
CAS and WE low when RAS falls (Fig. 1). The logic code 
and the bits to be masked are determined respectively by 
AX0-3 state and |/O,_4 state at the falling edge of RAS. 
Furthermore, in this cycle CAS before RAS refresh operation 
is executed, too. In this case of executing the conventional 
CAS before RAS refresh operation, WE must be high when 


RAS falls. 


My) L’” 
FCO-FC3 
oy L ” 


HM53462 Series 
2.1 Logic Code 


The logic code is shown in Table 1. When power is 
turned on, at least one logic reset cycle including write mask 
reset is required to initialize logic code. If the logic code is 
(AX3, AX2, AX1, AX0O) = (0, 0, 1, 1), the SAM organization 
is changed converter (Fig. 2). In the case that the SAM or- 
ganization is changed to 1024 x 1, one data transfer cycle is 
needed to initialize the SAM selector. 


One the SAM organization is changed to 1024 x 1, this 
code is maintained unless power is turned off. 


2.2 Write Mask 


HM53462 has two kinds of mask registers (register 1, 2). 
The register 1 is set by bringing WE low at the falling edge 
of RAS during the write cycle, and the mask data is avail- 
able only in this cycle. The register 2 is set by level of I/O in 
the logic operation set/reset cycle, and the mask data is 
available until the next logic operation set/reset cycle. If the 
register 1 is set during the current logic operation mode, the 
mask data of the register 1 is preferred (that of the register 
2 is ignored) and the logic becomes “THROUGH” only in 
this cycle (Fig. 3). 


MLLLLLLLLLLLLLLLLLLLLILLLLL 


Mask Reg. 2 


Do not care 





Figure 1. Logic Operation Set/Reset Cycle 
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HM53462 Series 
¢ Table 1. Logic Code (FCO-FC3 are AX0-AX3 in Logic Operation Set Cycle) 


FC3 FC2 FCl FCO masa 
Write Data 
0 ea ae es — — > SAM Organization Changes to 1024 x 1 
0 | 1 | 0 | 4 |) THROUGH | Di —> Logic Operation Mode Reset 
Sane (ee Cy ee ead EOR |  Di-Mi+Di+Mi 
i foe ft fe Di 
1 | otf oa fo |) UNAND Di+ Mi Di :External Data-in 
1 ONE Mi_:The Data of the Memory Cell 


SAM Data Register Serial 1/0 


SI/0l 


S1/02 


slo 


S1/04 


0109-26 





Figure 2. The Shift Way of SAM Data 
1) By 4 Mode (SAM Organization: 256 x 4) 
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HM53462 Series 





2) By 1 Mode (SAM Organization: 1024 x 1) 


SI/02 
SI/03 


S1/04 


ypaniionr Write cycle Write cycle 
1G eae ue Genie 
cas eS gee 4 
nd os eel rea gree 

_— 

ak 

aaa 

ar 

Ince oe uae 




















= 










<= 
2 


1/01 “0” Write 


$c 
1/02 Masked “1” Write Masked Masked 
1/03 0 Write Masked Masked 


1/04 = 
1” Write 


Masked A ewe 


Figure 3. Example of Logic Operation Mode 


Logic AND} ANDI 









Mask reg.2 1s set 
I 02,3 :Masked 


Assume that the 
logic is set to 


“ANDI”. 


Mask reg.1 is set, 
and valid only in 
this cycle. 

I 01,4:M asked 


“aL 
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HM534251 Series — J .JO0_———"—> 


262,144 x 4-Bit Multiport CMOS Video Random Access Memory 


M@ DESCRIPTION 


The HM534251 is a 1-Mbit multiport video RAM equipped with a 256k-word x 
4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. It is suitable for a graphic processing 
buffer memory. 


M@ FEATURES 


¢ Multiport Organization 
Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM: 256k-word x 4-bit and SAM: 512-word x 4-bit 


HM534251JP Series 


3DCP28D 





e Access Time RAM .............00eeeees 100 ns/100 ns/120 ns/150 ns (max) 
DAM sly 3a. eedadna tee ey dates es 30 ns/35 ns/40 ns/50 ns (max) 
e Cycle Time RAM sireotuee tees kee ees 190 ns/190 ns/220 ns/260 ns (min) 
DAM a 4-43 ate eoceeey net atas 30 ns/40 ns/40 ns/60 ns (min) 
e Low Power 
Active FAM it isitreatineot eae ere eewlsa is Se eeeeen 385 mW (max) 
SAM 4:36 sand Urs tet eau darawechtere yawn geen 358 mW (max) 
DIANODY bee etuigs tonnes a See eee hes aus A eta 40 mW (max) 
e High-Speed Page Mode Capability 
e Mask Write Mode Capability are 
° Bidirectional Data Transfer Cycle between RAM and SAM Capability (ZP-28) 


¢ Real Time Read Transfer Capability 

e 3 Variations of Refresh (8 ms/512 Cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

e TTL Compatible 


™@ ORDERING INFORMATION @ PIN OUT 
Part No. HMS534251JP Series HM534251ZP Series 









Package 











HM534251JP-10 400 mil 
HM534251JP-11 28-pin 
HM534251JP-12 Plastic SOJ 


1 
3 
HM534251JP-15 : 
HM534251ZP-10 
HM534251ZP-11 
HM534251ZP-12 


(CP-28D) 
400 mil 
28-pin 

Plastic ZIP 






9 
11 
13 
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HM534251ZP-15 (ZP-28) i 
m@ PIN DESCRIPTION 
Pin Name Function 23 
Ao-Ag Address Inputs = 
I/Oo-1/03 RAM Port Data Inputs/Outputs 
SI/O-S1/03 SAM Port Data Inputs/Outputs (Top View) (Bottom View) ss 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SC Serial Clock 
SE SAM Port Enable 
Vcc Power Supply 
Vss Ground 
NC Non Connection 
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m@ BLOCK DIAGRAM 





m@ PIN FUNCTION 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those signals determine the operation cy- 
cle of the HM534251. 


‘e Table 1. Operation Cycles of the HM534251 


Input Level at the _ 
Falling Edge of RAS Operation Cycle 
H | H | H | X | RAMRead/Write 
H Read Transfer 
H Le ee ae | Pseudo Transfer 
H Write Transfer 
L CBR Refresh 


Note: X: Don’t care. 


CAS (input pin): Column address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of !/O in 
RAM. 


Ao—Ag (input pins): Row address is determined by Ag—Ag 
level at the falling edge of RAS. Column address is deter- 
mined by Ag—Ag level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 


WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM534251 turns to mask write mode. According to 
the I/O level at the time, write on each I/O can be masked. 
(WE level at the falling edge of RAS is don’t care in read 


HM534251 Series 


Froe 
Column 
address 

( SAM start 
address) 


be 
] 
-~ 
a 
~- 
oy 
) 
% 
« 
- 
r 
a 


cycle.) When WE is high at the falling edge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 


I/Op-!/O3 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an SI/O pin synchronously with the 
rising edge of SC,. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 


SI/O9-SI/O3 (input/output pins): SI/O’s are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SI/O outputs data. When it was a pseudo transfer cycle of 
write transfer cycle, SI/O inputs data. 
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HM534251 Series 
M@ OPERATION OF HM534251 
¢ Operation of RAM Port 


RAM Read Cycle (DT/OE high, CAS high, at the falling 
edge of RAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data is output 
through I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (taa) 
and RAS to column address delay time (trap) specifications 
are added to enable high-speed page mode. 


RAM Write Cycle (Early Write, Delayed Write, Read- 
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 


¢ Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after RAS is set low, a 
write cycle is executed and |/O data is written at the select- 
ed addresses. When all 4 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

lf WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE in high. 

lf WE is set low after towp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables write after read to execute in the same ad- 
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 


¢ Mask Write Mode (WE low at the falling edge of RAS) 


lf WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed !/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high 1/O pins and masked in low ones and inter- 
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 


High-Speed Page Mode Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time (ta), RAS to column ad- 
dress delay time (taap), and access time from CAS pre- 
charge (tacp) are added. In one RAS cycle, 256-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within trasp max 
(100 ps). 


¢ Transfer Operation 


HM534251 provides the read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer cy- 
cles. These transfer cycles are set by driving DT/OE low at 
the falling edge of RAS. 


They have the following functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 

RAM — SAM 
(b) Write transfer cycle: RAM <— SAM 

(3) Determine input or output of SAM 1|/O pin (SI/O) 

SI/O output 

Pseudo transfer cycle, write transfer cycle: 


(a) Read transfer cycle: 


Read transfer cycle: 
S!/O input 


(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. 


Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 


This cycle becomes read transfer cycle by setting DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (512 x 4-bit) determined by this cycle is trans- 
ferred synchronously at the rising of DT/OE. After the rising 
edge of DT/OE, the new address data outputs from SAM 
start address decided by column address. 

This cycle can execute SAM access serially even during 
transfer (real time read transfer). In this case, the timing 
tspp (min) is specified between the last SAM access before 
transfer and DT/OE rising edge, and tspy (min) between the 
first SAM access and DT/OE rising edge (see Figure 1). 


If read transfer cycle is executed, SI/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and SI/O is in input 
state, uncertain data is output after ta; 7 (min) after the RAS 
falling edge. Before that, input should be set high imped- 
ance to avoid data contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching SI/O from 
output state to input state because data in RAM isn’t rewrit- 
ten. This cycle starts when CAS is high, DT/OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in SI/O becomes high impedance within tsrz (max) 
from the RAS falling edge. Data should be input to SI/O lat- 
er than tsip (min) to avoid data contention. SAM access be- 
comes enabled after tspp (min) after RAS becomes high. In 
this cycle, SAM access is inhibited during RAS low, there- 
fore, SC should not be raised. 
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Address 


DT/OE 


SAM Data Before Transfer 


HM534251 Series 


SAM Data After Transfer 





Figure 1. Real Time Read Transfer 


Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tspap (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 


¢ SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. If SE is set 
high SI/O becomes high impedance and internal pointer is 
incremented at the SC rising edge. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/O 
data isn’t input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can 
mask data for SAM. 


e Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 


RAS Only Refresh Cycle: RAS only refresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address ( = refresh address) from ex- 
ternal circuits. To distinguish this cycle from data transfer cy- 
cle, DT/OE should be high at the falling edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im- 
pedance and power dissipation is lowered because CAS cir- 
cuits don’t operate. 


Hidden Refresh Cycle: Hidden refresh cycle performs re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 


SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don’t require refresh. 
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HM534251 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage Vcc 1 
Operating Temperature 
Storage Temperature Tstg 


Note: 1. Relative to Vsg 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Parameter | Symbol = | = Min’ =| Typ Max Unit Note 


Notes: 1. All voltage referenced to Vss. 
2. —3.0V for pulse width < 10 ns. 


mi wm 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Vcc = 5V +10%, Vsg = OV) 


||_#IMs34251-10 | HIM534251-11_ | HM534251-12 | HM534251-15 | Test Conditions 
| Min | Max _ RAM Port SAM Port 
coi SE = Vi» SC = 


Operating aus 
= { 1; 2 
Current ee | — | SE = Vjz, SC Cycling 


tscc = Min 
ee ee 


= 
5 
~N 
o) 
| 
= 
m 


Parameter |Symbo Note 


wn 
td 
| 
72) 
o) 
= 
om 


Vin, SC = 


7 
Standby Lae Ea 
Current CCE 55 SE = Vit, SC Cycling 
tscc = Min 
RASOnly _—_{Icc3 SE = Viy, SC = Vy. 
Refresh 


Vin|SE = Vy, SCCycling| 2 
tscc = Min 

CAS Cycling |SE = Vir, SC = 

RAS = VIL|SE = Vyz, SC Cycling | |, 3 
tre = Min tscc = Min 

RAS Cycling }———* vi 

trc = Min SE = VIL SC Cycling 
tscc = Min 

RAS, CAS |SE = Vin, SC = Vy, 


Cycling SE = Vyz,SCCycling| 2 
tre = Min Jiggo = Min 








Page Mode CC# ee 


Current 


72) 
QO 

a 

mm 





CC10 


CAS Before CC5 
RAS Refresh 
Current CCl1 


=a 
Current Cc9 pe 
= 


Data CC6 eee 05 | 


Transfer 
Current CC12 


= = Boobs. bee Tel BiB Be (BB |B) BB 
<{<|5 1/515 [8/2 |5/ 8 |B] & [5] 5 [5] 8 IB 


70 
65 
95 

5 


— 
— 
ws 


— | | pwd — [am fom — — | am | aa bd 
Q 
Q 
NM 





Input Leakage 


7 

Er 
Current LU ms 
Output Leakage = _ 
Output High 
os" pow [| — [2 
Output Low 
Voltage 0 = oe 
Notes: 1. I¢c depends on output load condition when the device is selected. I¢¢ max is specified at the output open condition. 


2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vyq;. 
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HM534251 Series 
e Capacitance (Ta = 25°C, Voc = 5V, f = 1 MHz, Bias: Clock, I/O = Voc, Address = Veg) 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)1: 11 


Test Conditions 


Input Rise and Fall Time 5 ns 
Output Load See Figures 
Input Timing Reference Levels 0.8V, 2.4V 
Output Timing Reference Levels 0.4V, 2.4V 


Output Load (A) Output Load (B) 


lou =-2mA 


i 


lo ==2mA 
i 


lo. =4.2mA 


———_—____ 


lot =4.2mA 


= 


1/0 SI/0 


A 





Note: 1. Including Scope & Jig. 
Common Parameters 





wiccaeme {we | | | — | » | - | » | - || - | 
RAS Precharge ; 100 

Time RP 

Row Add 

stim [we | ¢ | - | @ | - | eo | - fe} -]= 
em fo | 1-]*1-l*1-l=l— 
Column Address ' 

Setup Time ASC 

coma [ow |» |-f=1-|=1-[=l-[= 
sere fe [= fe [- PT - fol fe 
charge Time 

may : 
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HM534251 Series 


Common Parameters (continued) 


P F ey HM534251-10 HM534251-11 HM534251-12 HM534251-15 aa a 
arameter mbo ni ote 
yovel Tin [Max [Min [Max [Min [Max [Min [Max 

DT to RAS : 
Setup Time DTS 
DT to RAS 

Data-in to OE : 
Delay Time DZO 
Data-in to CAS t 
Delay Time DZC 


Read Cycle (RAM), Page Mode Read Cycle 


. ‘ ee HM534251-10 HM534251-11 HM534251-12 HM534251-15 Gard ones: 
arameter mbo ni ote 
Access Time 

Access Time 

Access Time 

mam fe t-t*l-l-l-l*l-lelb 
Address 

Sm |-let-1-1|-l*|-l* lb 
Output Buffer 

Turn-off Delay tOFF1 25 25 30 40 7 
Referenced to CAS 

Output Buffer 

Turn-off Delay _ toFF2 25 25 30 40 7 
Referenced to OE 

Read Command t 

Setup Time RCS 

Read Command t 2 
Hold Time RCH 

Read Command Hold 

Time Referenced tRRH 10 10 12 
to RAS 

RAS to Column 

creme (= l=t=ll=l=l«l=l°[-|[s 
Page Mode 

CAS Precharge 

Access Time from 

sm [ol-[=|-l*l-lel-l=l- 

RAS Pulse Width 
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HM534251 Series 


Write Cycle (RAM), Page Mode Write Cycle 


: ere HM534251-10 HM534251-11 HM534251-12 HM534251-15 Gat 
arameter mbo ni 
Write Command ' 

Setup Time WCS 

Write Command 

Write Command 

Pulse Width ‘wP ps | - | se} - | »{-[s]-|= 
Write Command to 

RAS Lead Time jw. | 0 | - | » | - |» | - | # | - [=| 
Write Command to 

CAS Lead Time om | » | - | » | - | » | - | © | - J] 
Data-in t 

Setup Time DS 

Data-in 

Hold Time ‘DH ps | - |=] - |=] -] » |] -f= 
WE to RAS t 

Setup Time ee 

WE to RAS 

Hold Time pats ps | - |» | - fs | - |» ] - fe 
Mask Data to t 

RAS Setup Time MS 

Mask Data to 

OE Hold Time 

Referenced to WE tom | o | - | o | - | » | - | » | - [= 
Page Mode 

CAS Precharge 

Time tcp po {| - | » | - | se | - | wo] - | m 
RAS Pulse Width 

in Page Mode jimase | or | tw | or | 10 | ox | ro | oas | 1 | ps | 


Read-Modify-Write Cycle 


‘ sata HMS534251-10 HM534251-11 HM534251-12 HM534251-15 pun 
arameter mbo ni 
Read-Modify-Write 

Cycle Time = p= fs | - [| = | om | - | 
CAStoWEDelay | tewo | 6 | — | 6 | — [| 7 [| — | 9% | — | os | 
Column Address t 95 120 

to WE Delay AWD 

OE to Data-in 

Delay Time “OPP ps | - | s | - | » | - | |] - fw 
Access Time 

neesstine | ac pw | | om | fm - | el 
Access Time 

from CAS ftcoc | — | » | - | » | - |» | - | | ow 
Access Time 

from OE jtoxc | - | » | - | » | - | » | - | | ow 
Address 

RAS to Column 

Address Delay jap | > | ss | | 5 | wo | os | a | wo | om 
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HM534251 Series 
Read-Modify-Write Cycle (continued) 


: ; gotta | HIM534251-10 | | HM534251-11 | HM534251-12 | | HM534251-15 ae laa 
arameter mbo ni ote 
Output Buffer 

Turn-off Delay _ tOFF2 25 25 30 40 

Referenced to OE 

Read Command t 

Setup Time RCS 

Write Command to 

om |ee |» |-t|-1=l|-le[-|- 
Write Command to 

Cmiacre [om | | - | » | - | s | - | | - |» 
Write Command 

Data-in 

Data-in 

WE to RAS ‘ 

Setup Time me 

WE to RAS 

mute fw | s | - | s | - |» | - |» | - [a 
Mask Data to ' 

RAS Setup Time MS 

Mask Data to 

OE Hold Time 


Refresh Cycle 















p p ee HM534251-10 HM534251-11 HM534251-12 HM534251-15 we Nei 
arameter ymbdo [Min nl ote 
Max Max ax 
CAS Setup Time 





(CAS Before 
RAS Refresh) 


CAS Hold Time 
(CAS Before 
RAS Refresh) 


RAS Precharge to 
CAS Hold Time 





— 
= |e 


— id 
|e 
ef 

we 
— we — 








fe} 

a0) 

oS 
a 

ro) 





Transfer Cycle 


HM534251-10 HM534251-11 HM534251-12 HM534251-15 
Min Min Max 


WE to RAS t 

Setup Time WS 

WE to RAS 

amen |e [fe [=f » [=f [=e 
SE to RAS : 

Setup Time ES 

SE to RAS 

RAS to SC 

SC to RAS 
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Transfer Cycle (continued) 


Parameter Symbol 
DT Hold Time ; 
from RAS aks 
DT Hold Time t 
from CAS SoH 
Last SC to t 
DT Delay Time 2pP 
First SC to t 
DT Hold Time aoe 
DT to RAS t 
Lead Time nt 
DT Hold Time 
Referenced to tpTHH 
RAS High 
DT Precharge Time 
Serial Data Input t 
Delay Time from RAS | SID 
Serial Data Input t 
to RAS Delay Time SZR 
Serial Output 
Buffer Turn-off tsrZ 
Delay from RAS 
RAS to Soy (Low-Z) 
Delay Time 'RLZ 
Serial Clock t 
Cycle Time ace 
Serial Clock t 
Cycle Time spare 
Access Time t 
from SC oe 
Serial Data-out t 
Hold Time EOH 
SC Pulse Width tsc 
SC Precharge Width tscp 
Serial Data-in t 
Setup Time a 


Serial Data-in 


Hold Time ‘STH 


HM534251 Series 


HM534251-10 HM534251-11 HM534251-12 HM534251-15 


M 
Z 
3 
4 
4 


; Unit 


In 


0 
5 
0 


0 


0 


0 


ax | Max 
= 
= 
= 
= 
ie 
eee 
= 
10 | 10 | 
0 50 po 
5 
0 
0 
30 
7 


0 


M 
2 
2 
5 
20 
3 
5 
1 
3 
4 
1 
10 


in 
0 
5 
5 
0 
5 
20 


15 


= 
a 
— 


— 
© 
— 
fs 
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Note 


~ 


— 
w 


a 


aN 
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HM534251 Series 
Serial Read Cycle 


Serial Write Cycle 


HM534251-10 HMS534251-11 HM534251-12 HM534251-15 
Parameter Symbol 


Parameter Symbol 


Unit | Note 


HM534251-10 HM534251-11 HM534251-12 HM534251-15 Unit 
ni 


Note 


[sm Swale [Oe ee] 
se [e+ [Te t= Te [-fe li 
Cycle Time SCC 
ae fe [-[*[-[>[-[*[-[al-f 
wae jw | - | s | - | » | - || - |] =|: 
ga fe [f= t= 
Serial O 
g67 eft 
Delay from SE 


Max 


[Min [Max [Min [Max [Min [Max [Min | 
Serial Clock 
Cycle Time fw | » | - | ©] - | » | - |] @ |] - | 
Serial Data-in ' 
Setup Time SIS 
Serial Data-in 
Serial Write i 
Enable Setup Time SWS 
Serial Write 
Serial Write Dis- t 
able Setup Time SwIS 
Serial Write Dis- 
Notes: 1. AC measurements assume tr = 5 ns. 


1014 


2. 


OCrAIHDN SS W 


10. 


11. 


12. 
13. 


Assumes that tpcp * trcp (max) and trap < trap (max). If trep or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
. When trcp 2 trcp (max) and trap $ 

. When trcp < trcp (max) and trap 2 trap (max), access time is specified by ta. 

. torr (max) is defined as the time at which the output achieves the open circuit condition (Voy — 200 mV, Voz + 200 mV). 
. Vp (min) and Vy, (max) are reference levels for measuring timing of input signals. Transition times are measured between 


tRAD (max), access time is specified by tcac. 


Ving and VIL: 


. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 


condition. When tawp 2 tawp (min) and tcwp 2 tcwp (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped- 
ance on I/O pins is controlled by OE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or a read- 
modify-write cycles. 

After power-up, pause for 100 ws or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

If either trcy Or trry is Satisfied, operation is guaranteed. 

tcc? is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 
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HM534251 Series 


m@ TIMING WAVEFORMS 
e Read Cycle 


tRAD 


tRAH 


Address “/A. ROW MELE = Cou =gam 


r TOLEETT | oer ag 
om [au I 

a 
on TIT TTT 


(INPUT) i 
ime TT eed we 


UZA; don't care 





¢ Early Write Cycle 


tre ——————__— 


lo 
we CHAS a ee ee ee Rem ane. sexe 


— tRSH 
tCSH 
tCAS 


tASR RAK tASC tCAH 


tWCH 
tS 


—|+}—a 
z i = aE PTET TLS 


| sae 
i a rh re rah 


cant) 2:8 a ope ra CTT 


HIGH-Z 
ae 
tDTS 
DT/OE 


CZA ; Don't car 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 
¢ Delayed Write Cycle 


a PN 


tWS RAH tWCH | 
) a TD en PL LLTT/ 
fa as - 


tRWL 


tCWL a es 
- TTT TT 


LMS 


coon Dt AX owe WT TTT? 


1/0 HIGH-Z 
(INPUT) 


VZZA; pon't care 





Note: “1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


e Read-Modify-Write Cycle 


CAS 


ia tit noi 
pats Law KA com TEP LL 


eee 
VIN os MITT TIT] 


1/0 ae ee VALIDN 
(OUTPUT) Dout 


nme L/L) Ceeere 


UZA. Don't care 





Note: “1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 


e Page Mode Read Cycle 


ee ee 
tRASP 


tPC thSH 


: 2 tCAS 
tRAD taSC l | 


LASR tCAall tAS tCA}l 


Haw We peep MLLLLL LE mM LL dae LE LE | ITE 


a 


a [ft Mi | Gites tae vee 
a 
Dout Dout 


‘anreas Dout a 
tDZC 


Gani) HELL | I i 8 ree ; ee 
we TP oe io email 


UZA; Don't care 


0084-11 





¢ Page Mode Write Cycle (Early Write) 


LRC 
tRASP 


aoe er 


set ECAII 
a 


wo) seo ALT A come XTTT TTT hen KITTEL 
, ‘in it “WT Lik TT 


Fo) a a CT ae CT a 


HIGH-Z 


1/0 sia oy Te ee 
(OUTPUT) 
LDIS tDTH 


woe HM NEE Eee? EP 


UZA; Don't care 





0084-12 





Note: “1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 
¢ Page Mode Write Cycle (Delayed Write) 


oe ee 
oe ‘ LRASP 

RAS 

tCSil tPC Si 

tRCD tCAS tCAS tCAS t 

—- el \ 


} 


oe Pee nin wa ITLL TITTLE LEI 
e Ao WTA ir HITT rn aa [LL 


ain ree (Mi SOLIS PE COCOCUL TTL LL 


HIGH-Z 


eM — 
tOEH 
DI/08 


UZ ; Don't caro 


0084-13 





Note: “1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


e RAS Only Refresh Cycle 


tRPC 


TITEL 
paaress [|] po ALLELE SEES EETIEE 


High-Z 


1/0 
(OUTPUT) 


cane LLIN EEE EET EEE PEEP PTY 


tDTS tDTH 


oe TR | NOC 


UZ, Don't care 


0084-14 
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HM534251 Series 
e CAS Before RAS Refresh Cycle 


gine SLID IIIT ISI IIT ITIL 
/ LLL 


amon LLLLLLLLLLLLLLLLLLLLL LLL LLL 


1/0 
(OUTPUT) 


wae SSL/L// LID AATII DLT LL 


ZZ; don't care 


0084-15 
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HM534251 Series] —@@ @— i i i i—- 


¢ Hidden Refresh Cycle 
tRAS———_»F _<9P 1 
RCD ———— | 


Dan 





tASR pa H 
‘ASC||_tCA 


aca | 
_ .i  ae 


tRCS tRRH 


e LILITH armen 
(wv oor 


tAA 


P+ che 
DT/0E Ut 


“TDIC 


ae 
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HM534251 Series 
e Read Transfer Cycle (1)1;2 


tRC 
| tRAS 
| ° tRP 


in 


tCRP 


a cee 
| 


= tCAS 
CAS tASR_|| tRAH 


tASC || tCAH 


hsdess a HIEEEEEIEESEEAHILT 
‘arom Dewan | 


WE 


1/0 
(OUTPUT) 


1/0 
(INPUT) 


tDTHH 


tSDD tSD 
SC tsc—¥ — 


tSOH 
SI/0 i: VALID NIL} VALID eie, VALID wees. VALID 
(OUTPUT) Sout K Sout Sout Sout 
Previous Rov Nev Rov 


SI/0 HIGH-Z 
(INPUT) 


YZ4; Don't care 





Notes: 1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM534251 Series 
e Read Transfer Cycle (2) 


acme oases. 


I 
a 


eT thsn. | tURP 
| 


_ tCAS 
CAS tASR 
tRAH taSC tCAH 


ida {Se os 
z Jf || TEE 


1/0 High-Z | 


(OUTPUT) | = cca | | 
_ tDTS peso : | aan ees 
Divoe i a CLELLL LL] 


« el OOTY IF 


SI/0 


SI/0 
(INPUT) 


CZ; Don't care 
eer Inhibit rising transient 





Notes: 1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM534251 Series 
e Pseudo Transfer Cycle 


ae tRC 


! KA 
rn es 
RAS \ 
RCD | ‘RSH tCRP 
tCAS 
CAS tASR ASC | 
tRAH 


tCA 


pases ool RI TTT 
2 Ih TTL 


tDTS DTH | 


| 


tSd 
SC H 


= TT 
Sho | ATT. TT 


s/o ' 
(OUTPUT) 


XXX ; Inhibit rising transient 
0084-19 
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HM534251 Series 
e Write Transfer Cycle 


RAS 


CAS 
tASR tRAH tASC CAH | 


oo DK os SE" WT TTT 
2 Vom 
ne CVT 


s TTT 


+ fe, ts 
ty CE ATTITTTTTITTN NOTT 


(INPUT) 


SI/0 HIGH-Z 
(OUTPUT) 





UZ4; Don't care 
XXX; Inhibit risi 


ng transient 
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HM534251 Series 
e Serial Read Cycle 


tSCC tSCC 


‘SC tSC Lesc 


SC (n-1) (n) (n+1) (n+2) 
| tSCP._| tSOH 


tSEA 
2m _ MT rere 
(OUTPUT) Sout Sout Saat 
(n-1) tSCA (n+1 (n+2) 
tSCA tSCA 


SEZ 
CZA ; Don't care 





e Serial Write Cycle 


tSCC tSWH | tSWS 
tSCCc tSCC 


tSC tSCP it _+Sc 4 : p 
(n-2) |-_ ET (n-1) | (n) LW (net) \\ / 


GHD sinter dh sl SSS ooh 1 Ly 


C24; Don't care 





Notes: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address 0 is accessed next to address 511. 
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HM534251A Series 


262,144-Word x 4-Bit Multiport CMOS Video RAM 


@ DESCRIPTION HM534251AJ Series 


The HM534251A is a 1-Mbit multiport video RAM 
equipped with a 256k-word x 4-bit dynamic RAM and a 
512-word x 4-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has write mask 
function. 


m@ FEATURES 


e Multiport Organization 
Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 


38DCP28D 





RAM ict ssetG nee es ace cia lc aSees 256k-word x 4-bit 

SAM 5 v5 # ordnance Ziosune see aaa 512-word x 4-bit 
e Access Time 

PRA. oh uate i ae eens hin lay ah tear eta 80 ns/100 ns (max) 

SAW os stea tote snayed bee Mae dun ate es 25 ns/25 ns (max) 
e Cycle Time 

FAM 3 xk oeh cera he ne eo emacs 150 ns/190 ns (min) Sppos 

DAML ii tiws o Meee che eee ae ees 30 ns/30 ns (min) (ZP-28) 
e Low Power 

Active RAM............ccce cece neces 360 mW (max) @ PIN OUT 

DAM oar ena wa nates sete eat 280 mW (max) 


SIQNbY 6 scsi es dessa caw aea etwas 38.5 mW (max) be oe 


e High-speed Page Mode Capability 

e Mask Write Mode Capability 

e Bidirectional Data Transfer Cycle Between RAM and SAM 

Capability 

e¢ Real Time Read Transfer Cycle Capability 

e 3 Variations of Refresh................ (8 ms/512 cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

¢ TTL Compatible 


@ ORDERING INFORMATION 


Access Time 


OOnN AA KWH — 















Package 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 
400 mil 28-pin 
Plastic ZIP 
(ZP-28) 


HM534251AJ-8 
HM534251AJ-10 










HM534251AZ-8 
HM534251AZ-10 






m@ PIN DESCRIPTION 





Pin Name Function 
Ag-Ag Address Inputs 
1/Oo9-1/03 RAM Port Data Inputs/Outputs 
SI/Op-SI/03 SAM Port Data Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SC Serial Clock 
SE SAM Port Enable 
Vcc Power Supply 
Vee Ground (Bottom View) 
NC No Connection 
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HM534251A Series 
m@ BLOCK DIAGRAM 


Serial Address 
Counter | 


Register 


Data 
SAM I/O Bus 
SAM Column Decoder 


“ 
5 
a 
5. (2 
S ond 
O fore) 
rob) 
QQ @ 
Cc = 
€ a 
=! = 
re) < 
U eB) 
Ww 
a) 
7a) 


Input Data Serial Output | Serial Input 
Control Buffer Buffer 


SI/00~SI/03 


Mask 
Register 


Input Output 
re ution Timing Generator 


I/00~1/03 
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HM534251A Series 


m@ PIN FUNCTIONS 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
the HM534251A. 


® Table 1. Operation Cycles of HM534251A 
a rae at the Falling Edge of RAS 


[pres] WE < Operation Mode 
H oc aE eo Write Transfer 
H Sie oe oe ee Pseudo Transfer 
H ah aa a Read Transfer 
H pe Read/Mask Write 


CAS (input pin): Column address is fetched into chip at the 
falling edge of CAS. CAS controls output impedance of I/O 
in RAM. 


Ao-Ag (input pins): Row address is determined by Ago—Ag 
level at the falling edge of RAS. Column address is deter- 
mined by Ag—Ag level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 


WE : (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM534251A turns to mask write mode. According 
to the I/O level at the time, write on each |I/O can be 
masked. (WE level at the falling edge of RAS is don’t care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 


I/Og—-1/03 (input/output pins): 1/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high !/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 


SI/Op-SI/O3 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SI/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 


@ OPERATION OF HM534251A 


RAM Read Cycle (DT/OE high and CAS high at the falling 
edge of RAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data outputs through 
\1/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (taa) and RAS 
to column address delay time (tpap) specifications are add- 
ed to enable high-speed page mode. 


RAM Write Cycle (Early Write, Delayed Write, Read- 
Modify-Write) (DT/OE high and CAS high at the falling 
edge of RAS) 


¢ Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after driving RAS low, a 
write cycle is executed and |/O data is written in the select- 
ed addresses. When all 4 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

lf WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes in high im- 
pedance. Data is entered at the CAS falling edge. 

lf WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

If WE is set low after tewp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables read/write at the same address in one cy- 
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 


¢ Mask Write Mode (WE low at the falling edge of RAS) 


lf WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal data is retained. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is retained during the page access. 


High-Speed Page Mode Cycle (DT/ 
high at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed toggling CAS while RAS is 
low. Its cycle time is one third of the random read/write cy- 
cle. Note that address access time (taa), RAS to column ad- 
dress delay time (trap), and the access time from CAS pre- 
charge (tacp) are added. In one RAS cycle, 512-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within taasp max 
(100 ps). 


OE high and CAS 
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e Transfer Operation 


The HM534251A provides the read transfer cycle, pseudo 
transfer cycle and write transfer cycle as data transfer cy- 
cles. These transfer cycles are set by driving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 


(1) Transfer data between row address and SAM data reg- 
ister (except for pseudo transfer cycle) 


Read transfer cycle: RAM to SAM 
Write transfer cycle: SAM to RAM 


(2) Determine SI/O state 


Read transfer cycle: SI/O output 
Pseudo transfer cycle and write transfer cycle: SI/O in- 
put 


(3) Determine first SAM address to access after transfer- 
ring at column address (SAM start address). 


SAM start address must be determined by read transfer 
cycle or pseudo transfer cycle after power on, and deter- 
mined for each transfer cycle. 


Read Transfer Cycle (CAS high, DT/OE low and WE high 
at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (512 x 4-bit) determined by this cycle is trans- 
ferred to SAM data register synchronously at the rising edge 
of DT/OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by column 
address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 


SAM Data before Transfer 


HM534251A Series 


This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tspp (min) speci- 
fied between the last SAM access before transfer and 
DT/OE rising edge and tspy (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 1.) 

When read transfer cycle is executed, Si/O becomes out- 
put state by first SAM acess. Input must be set high imped- 
ance before tszs (min) of the first SAM access to avoid data 
contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE low 
and SE high at the falling edge of RAS) 


Pseudo transfer cycle switches SI/O to input state and 
set SAM start address without data transfer to RAM. 

This cycle starts when CAS is high, DT/OE low, WE low 
and SE high at the falling edge of RAS. Data should be in- 
put to SI/O later than tsip (min) after RAS becomes low to 
avoid data contention. SAM access becomes enabled after 
tsRp (min) after RAS becomes high. In this cycle, SAM ac- 
cess is inhibited during RAS low, therefore, SC must not be 
risen. 


Write Transfer Cycle (CAS high, DT/OE low, WE low and 
SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tgrp (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. 


SAM Data after Transfer 





Figure 1. Real Time Read Transfer 
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HM534251A Series 


Data transferred to SAM by read transfer cycle can be 
written to other address of RAM by write transfer cycle. 
However, the address to write data must be the same MSB 
of row address (AX8) as that of the read transfer cycle. 


e SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. When SE is 
set high, SI/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 511), the internal pointer indicates ad- 
dress 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, SI/O data 
isn’t fetched into data register. Internal pointer is increment- 
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 511), the 
internal pointer indicates address 0 at the next access. 


e Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is executed by accessing all 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter 
Terminal Voltage 
Power Supply Voltage 
Power Dissipation 
Operating Temperature 
Storage Temperature 


Note: 1. Relative to Vss. 
M@ ELECTRICAL CHARACTERISTICS 


512 row addresses within 8 ms. There are three refresh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac- 
cessed within 8 ms. 


(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe- 
cuted by activating only RAS cycle with CAS fixed to 
high after inputting the row address (= refresh address) 
from external circuits. To distinguish this cycle from 
data transfer cycle, DT/OE must be high at the falling 
edge of RAS. 


(2) CBR Refresh Cycle: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address 
need not to be input through external circuits because it 
is input through an internal refresh counter. In this cy- 
cle, output is in high impedance and power dissipation 
is lowered because CAS circuits don’t operate. 


(3) Hidden Refresh Cycle: Hidden refresh cycle executes 
CBR refresh with the data output by reactivating RAS 
when DT/OE and CAS keep low in normal RAM read 
cycles. 


SAM Refresh 


SAM parts (data register, shift register and selector), or- 
ganized as fully static circuitry, require no refresh. 


: 
seers ie 


pomead 


V 
V 
WwW 

C 
aC 


¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter Symbol Min 


Input High Voltage H 


Input Low Voltage VIL — 0.5 


Notes: 1. All voltages referenced to Vss. 
2. —3.0V for pulse width < 10 ns. 


e DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vss = OV) 


p : are HM534251A-8 HM534251A-10 Wat Test Conditions 

arameter mbo ni 

Operating Current Cycling SE = Vj, SC Cyclin 
fer | — fe | — [mf | Stn [ Baron 
ce ia ee ee eee ee ee ee SC = Vi, SE = Vin 

Standby Current we = : 





tscc = Min 
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e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vssg = OV) (continued) 


y 
| Min | Max | Min [Max 

AS onty Cece oe ae ee ee 
tte feo | | | 

[tos | — | 0 | - | 6 
Page Mode Current 

fem | [= | 
pce ees. Nees | eB ee 
eaten fe |=» [| 

Bree el ea eae a 
Data Transfer Current 

hex |-[=|[-[™ 
Output Leakage Current — 10 
Note: 


ele] B |B] 8B 1B] BO OIBL B OUBT OS 


Test Conditions 
RAM Port SAM Port 
RAS Cycling SC = Vy, SE = Vip 


ae SE = Vy, SC Cycling 
Ro ae tscc = Min 


SC = Vit, SE = Vin 
SE = Vz, SC Cycling 
tscc = Min 
SC = Vy, SE = Vin 
SE = Vjz, SC Cycling 
tscc = Min 
SC = Vy,, SE = Vig 
SE = Vj,, SC Cycling 
tscc = Min 


. 


CAS Cycling 


RAS = Viz 
tpc = Min 


RAS Cycling 
trc = Min 








Ion = —2mA 
IoL = 4.2mA 


< 


1. Icc depends on output loading condition when the device is selected. Ic¢ max is specified at the output open condition. 


e Capacitance (Ta = 25°C, Vcc = 5V, f = 1 MHz, Bias: Clock, |1/O = Vcc, address = Vss) 


Parameter | Symbol =] Min Typ Max Unit 
y0.sV0,0F | Go| +) 


e AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vsg = OV)1; 16 


Test Conditions 


Input Rise and Fall Time: 5 ns 
Output Load: See Figures 
Input Timing Reference Levels: 0.8V, 2.4V 
Output Timing Reference Levels: 0.4V, 2.4V 


Output Load (A) 


Ion=-2mA +5V 
I 


Ip. =4.2mA 


100pF*! 


if 


Note: *1. Including scope & jig. 
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Output Load (B) 
Ton=—2mA +5V 
—_— —— 

Io.2=4 ~omA 
20 
SI/0 





1031 


HM534251A Series 


Common Parameter 


HM534251A-8 HM534251A-10 
Parameter Symbol Unit Note 
150 


Random Read or Write Cycle Time 
RAS Precharge Time 

- RAS Pulse Width 
CAS Pulse Width 


Ca 
oO 


Row Address Setup Time 


Row Address Hold Time tRAH = ae 
Column Address Setup Time tasc ae ae 


| RAH 

| tasc | 

| tcan | 

RAS to CAS Delay Time 

Referenced to CAS SH 

Referenced to RAS CSH 

CAS to RAS Precharge Time ae ee a ar ee ee 

Transition Time (Rise to Fall) 
| REF 
| tors | 
| torn 
| tpzc 
| tpz0 


Refresh Period tREF Eo eee a 
DT to RAS Setup Time tpTs Oe) 
DT to RAS Hold Time tpTH P40: | 
Data-in to CAS Delay Time tpzc [= 105 3] 
Data-in to OE Delay Time tpzo a0. 


Output Buffer Turn-off Delay 


Ww 


Referenced to CAS tOFF1 5 
Output Buffer Turn-off Delay 
Referenced to OE torF2 5 


WC 


0 


= 


Address Access Time tad SS ee ee ee do 
Read Command Hold Time Referenced to RAS | trey | 10 | — | wo | — | os | 10 
RAS to Column Address Delay Time | tran | 0 | 40 | 2 | 55 | os | 2 
eee eee ae ee 
| 100 | 100000 |__| 


Access Time from CAS Precharge | tace | 
Page Mode RAS Pulse Width | trasp | 80 | 100000 
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Parameter 


Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Setup Time 

Data-in Hold Time 

WE to RAS Setup Time 

WE to RAS Hold Time 

Mask Data to RAS Setup Time 
Mask Data to RAS Hold Time 

OE Hold Time Referenced to WE 
Page Mode Cycle Time 

CAS Precharge Time 

CAS to Data-in Delay Time 

Page Mode RAS Pulse Width 


Read-Modify-Write Cycle 


Parameter 


Read-Modify-Write Cycle Time 


RAS Pulse Width 
(Read-Modify-Write Cycle) 


CAS to WE Delay Time 

Column Address to WE Delay Time 
OE to Data-in Delay Time 

Access Time from RAS 

Access Time from CAS 

Access Time from OE 

Address Access Time 

RAS to Column Address Delay Time 
Read Command Setup Time 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Write Command Pulse Width 
Data-in Setup Time 

Data-in Hold Time 

OE Hold Time Referenced to WE 


Refresh Cycle 


Parameter 


CAS Setup Time 
(CAS Before RAS Refresh) 


CAS Hold Time 
(CAS Before RAS Refresh) 


RAS Precharge to CAS Hold Time 


HM534251A Series 


Write Cycle (RAM), Page Mode Write Cycle 


HM534251A-8 HM534251A-10 


Symbol Unit 


twcs 
twcH 
twe 
tRWL 
tCWL 
D 


= — — N 
or oOo 


-_ 
~”M 
-h 
com) 
wmwilrVN lve 
mint S 


20 


Lo) 


— 


5 
5 


N a tN 
Oyun 


PEE PETER 
SSONSCOOORTOET 


HM534251A-10 
Min 
250 


pla 
<= 
Oe 
rs 
e 
> 
oo 


oid |Z win |e |S |S x am 
a Q 
i FEB FEE ada 
So 
wT 


Unit 


160 


atl aia 


3 


2 


tin 


> 
nn 


WG 
wr 


toOEH 


HM534251A-8 


[vin | Max | Min 
Te f= 
ea 
Se Sts 


HM534251A-10 
Max 


Symbol Unit 


tCSR 


tCHR 


tRPC 
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Note 


11 


12 
12 


13 


Note 


14 
14 
12 
6,7 
7,8 


7,9 


12 
12 


Note 
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Read Transfer Cycle 


Parameter Symbol 


| 

DT Hold Time Referenced to RAS tRDH | 70 «| = 10000 «| = 90s |S 10000 

DT Hold Time Referenced to CAS | ton | 2 | -— | 3 | 

DT Hold Time Referenced to Column Address | tape | 30 | — | 35 | 

DT Precharge Time | tore | 4 | | 

SC to RAS Setup Time | tes | 30 | — | 

1’st SC to RAS Hold Time | tren =| 85 | 

1’st SC to CAS Hold Time | tcH | 30 | — | 

1’st SC to Column Address Hold Time | tran | 30 | — | 35 | 

Last SC to DT Delay Time 

1’st SC to DT Hold Time ison. if dee tee 

Serial Clock Cycle Time 

SC Pulse Width 

SC Precharge Time | tgp =f tT 
| tsca | 
| tson 
Pts 
ts | 
| tRaD 
| tran | 


Serial Data-in to 1’st SC Delay Time tszs iar a ara a ee 


SC Access Time tsca Sew ee a eae 15 
Serial Data-out Hold Time tsoH a ae ee ee ee ae 

Serial Data-in Setup Time tsIs ae ae ee ae 

Serial Data-in Hold Time tsTH Se rae ee ee eae 

RAS to Column Address Delay Time tRAD 

Column Address to RAS Lead Time tRAL a ae ee a ee 

RAS Precharge Time DTHH 


Pseudo Transfer Cycle, Write Transfer Cycle 


Parameter Symbol 


| Min | 
SE Setup Time Referenced to RAS S = 
SE Hold Time Referenced to RAS H [e = aon = 
SC Setup Time Referenced to RAS tsRs 
RAS to SC Delay Time tsRD 
oa _| ws 
RAS to Serial Data-in Delay Time tsIp eee 

Serial Clock Cycle Time tscc | 30 fl 80s 
SC Pale Wilk ee ee 


[min [Max | | 


ct 
td 


o 
tt 


mM 


Serial Data-out Hold Time tsoH 
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HM534251A Series 
Serial Read Cycle, Serial Write Cycle 


[win [Me Min [Max 
imtenasese | ez | - | » | - | » | = |: 


Notes: 1. AC measurements assume tr = 5 ns. 
2. When trcp > trcp (max) and trap > trap (max), access time is specified by tcac or taa. 
3. Vyp (min) and Vy, (max) are reference levels for measuring timing of input singals. Transition time ty is measured between 
Vin and Vq,. 
4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 
cycle, either tpzc (min) or tpzo (min) must be satisfied. 
5. torri (max), torr: (max) and tgpz (max) are defined as the time at which the output achieves the open circuit condition 
(Von — 200 mV, Voy + 200 mV). 
6. Assume that tpcp S trcp (max) and trap *S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 

. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. When trcp 2 trcp (max) and trap < trap (max), access time is specified by tcac. 

. When trcp * trcp (max) and trap 2 trap (max), access time is specified by ta a. 

. If either troy or trry Is satisfied, operation is guaranteed. 

. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. 

12. These parameters are specified by the later falling edge of CAS or WE. 

13. Either tepp (min) or topp (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 
applying data to the device when output buffer is on. 

14. When tawp 2 tawp (min) and tcwp 2 tcwp (min) in read-modify-write cycle, the data of the selected address outputs 
to an I/O pin and input data is written into the selected address. topp (min) must be satisfied because output buffer must 
be turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

16. After power-up, pause for 100 ps or more and execute at least 8 initialization cycle (normal memory cycle or refresh cycle), 
then start operation. 


me Ow wo ~l 


— aa 
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@ TIMING WAVEFORMS 


¢ Read Cycle 


ee 


AS 


Address 


ee RE TREN C At TRO RT AtaTaTaTe ate era arate a eat et etnT Eee atas 
S23 erorateretetetete tetera tetera eran er etal eretelerarerelerer ele eelel ete et eeteetetetetatetetetere 

OO) OOOO 4.6 6 0 6.6.6.6 66.06.0666 09 900060660600 OOOO OOOOH OOH 

OX] boo OO 6.0.0.6 00.06. OO 6460066060459 6 5 OOOO OOOOH OHOOHED: 

YY 20h) 5252 $2 52% Se 625252 $2552 a teretereratetetetoteteretetoreteteteteten ever eter erence”, 525250505 25¢ 50° 
Care te tate 70 7000101000. 010. 0,010. 0.0.0.0,0,0.0.0,0,0.0.0.0.0.0.0,0,0:0.0.0,0.0.0.0,0.0.000.0.0.0.0.0 





Valid Dout 


:Don't care 


¢ Early Write Cycle 


tus ie tMH—> +-tos— ¢toH> 


Mask Data JRSM ValidDin 


DOO OOOO MIC) 
Re eretereteterete 





Note: “1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534251A Series 
e Delayed Write Cycle 


tap-————> 


\¢—tcre—> 
a 


CAS 


(LAA AAAS RAR AAS LA? 
5 OOOO IO) SOOOCOOOL 


?, 
OO K OOOO e 
A d d Yr e S$ S 055520 Se A ‘eee x SONY, A525 eosegese ! ION £55525 PSO SESS C) 
6 ' on oe S o SOOO) 
ras 055 Oy GG Be OY 


4—trwL 
¢—— -tcww———> 


ie OWE 


~? 
OM) e, (xX) O 
"a! roretetotetere OR OOOO) 52505 OOOO) 


BOOODOOL Oe ah 


OOOO) 
eteterete 
25250) ' 
ROY atetetotete: 
(xxx PV? 


-Don't care 


0083-9 





Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 


e Read-Modify-Write Cycle 


CAS” 


LAAAAS (RASA AAA AS wo 
oct ete FSS III OCD 

550K R525 250525 RR INN MIN KKK MMMM TT IIT 

ress \ 52525 SRI ICICI III II IH III HII II IH IOI IOI ON OM 
eteretatetetet evecare eroce7erent, 0.01000. 010001000.00 000000040500 0. 0200040405050, 0,0,0,0,050,0,0,05 05 





OOOOY O 
OOOOO”>D © OOOO) 
wosecece Y ‘a QO 52 


ee 


SEE at REET RTI 
AY ¢ Mask Data Og ™ Valid Din se eceatatacatetatetetetet 


tots H> 
4—toTH——> 


\ 
5") 
BOSSE 





-Don't care 
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Note: “1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 


© HITACHI 
Hitachi America, Ltd. Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 1037 














HM534251A Series 
e Page Mode Read Cycle 


\AAAAAASZAASE [AAAAAAXAD 
Col 6 ROKR HHI K HK ROK rare 
,orumn S550 O 55S Oey) 


Neeiieiia Serpent i OLAV 


ate! *..%,°, ~ “a”, OMY) t) 


4) tOFF1 
{ValidDout 


tcoo 


2 
SG OG 


tot 


XR ; 
cetete%e DO REXEEES 
tetera’ BSC III 
52529 oeoeeatee 


:Don't care 
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tRASP 


tes > tec 
trcpD-——Wi+- tcas tcp-——> 


eee 
TOR 
\) 
efoverete’t 
ereterere | 
00,0. 


OSHC 

Seeseeer 
orecece: 

orotate” 


tOH 


S 
491 4 t pH 
Vali 


+>! ¢—) 


PFOA AP oe 
ee C) 
© $5252 $0500 SoS 


-Don't care 


0083-12 





Note: “1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534251A Series 
e Page Mode Write Cycle (Delayed Write) 


tRASP trp 


RAS 
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Note: “1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 


e RAS Only Refresh Cycle 


trc 
t RAS ——__—_—_ |« trp > 


:Don't care 
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HM534251A Series 
¢ CAS Before RAS Refresh Cycle 


sosssesetetereteteteretetoteteteetetet 


525 


III ee WoT OW OOS Cun Oe) OO RR IC TI Tee ae OR FEI Se ee OTe O O88 U, 
oretetetorere ee NN RA KR ES QSGG Se HCOOH IIH III HN II III III HIN HII IO HIN HII ICI III 
eretererereteteere d00 e 050525 rere etereterers, SOIT I NII III ION III HII III III HI ID 

OOOO) OOOO ) o CO OOOO) OOOO OS OOOO SHC COO Se OO Oo. 6 9666668 66 
GK III eosegosecezeeseseseseses 0505050005050. 050 tec eatatatetatetatete® SCORN II KI 
XY 0% ere eter e an are ene eee 0 0 ere ee OOOO ODO CO OOO OD OOOO OOOO ROE 


oreo es ees tate tat et etet, 
OOOO 
COOOOOOOOOOOO 
ee aetetetetetetetetetetete 
0.0.0.0, 0, 0,0. 0 ,6,6,0,0,0,0. 


:Don't care 
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Hidden Refresh Cycle 


C) 
er eretete terete 
Patera terete te tetetetoroteete 


a ee 


OOOO CIO 
Se 959M teteteteteterete®, 
Soh 


Valid Dout 


-Don't care 
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¢ Read Transfer Cycle (1) 


AAAA (AAD LA AAA AAA AAPA PSS et 
OOOO So, “ AM Sta rt 050 tatetetetetotetetes, 


O Oo? OOO 
Address Se Rey Address 


O e, 


Weer eMe ere revere rererererer ens 
Meret etete” OOD) °°, 050505252 


0°0°0"0"0'6"0"6"0"0"6'0'0,0'9'6'0'0,6°078" 
KKK KKK NNN KIDD 
erereratetetere 52525 5 
etereteteteteretereteterere’ Pete tetetete® 


BOSOOOO ON 
6,0,000-0.008 
SOOO 
Sorerereceseee.? 
Gey 
eeeotee 


Previous Row—>| l+— New Row 


:-Don't care 
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HM534251A Series 
e Read Transfer Cycle (2) 





tASR || tRAH 


S A M S BOOOOOOOOOO OIC OO IO AA? 
cr OOOO (OOOO DOOOY 
ta t eee totale te teeta tetas teteteteteteten 


S25 
A d d ress OOOO IO 


AAA; 

5505 
Patereteteteteretesece 
ererotetarerororecese, 

BOSS S III IG II IN 
SROSSHHOHOSHH EHS H*OOE 


aaa , A Seaton etter nrnwncavasatarer 
S550 Meestatetetetetetateteveconeren 
OOOO SOOO OOOO) 
On OO) ) OOOO) 
OOOO) < 6525252552929 OOO 
evetereteretere: werevetetererererereseereres 


tspDH——>: 
tscc 
<4-tscp > i¢-tsc—>| e-tscp 
Inhibit Risina Transition: 


Put) tors lltsrn 
+> 


SII IK IKI II IOI IKI : 

OO OOOO OO OOOO OOO COQOOC 

e OOOO OOOO) OODOOOO O OO VOOOD OOO OD 
a tateteteteteteteteteteteteteteten 1 oeetetetete ete tetetete’, x 0, 0,0.0,08 
00,090 ,0,,0,9,0,0,0,0,0,0,0,0,0,0,0,0,6,0,0,0.0,0.020,0,0,0.8. 


‘Don't care 
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e Pseudo Transfer Cycle 


eH 
tach tras 


tase. | [teas 
—p 


SAM Start 
- Address 


Ade OOOO IOC IOC Af 
OOOO 
O 76° oO 
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tsc 
tsc> etscP> 


tsis|{tsi tsisj{tsi 


q Valid Sin Valid Sin 


-Don't care 
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HM534251A Series 
e Write Transfer Cycle 


f o, or TN BRS 
SAM Start ‘ pass Sema: . rseatattetatetatetetatetetatatete 
Address y warareratetetereretecacetecenen: 


OOOO 


\RAAAAAANY @®. CAAA ad *, \) \} 

0,0, 0,0, 0.¢, 0.0, SEDHOOOOOOOOCO CIO III ICICI ICICI IC °, OO, 0,9, 0,0.9,0, 0,00. 9 0.9 0.6, 0.0,.%.0.0,0. 0.9. e 
CoS OUIY/ 0000505 la ache teen Mate teeta teeta tetetetsteMetatetetetetatetetatetetatetetetetene®. 

oPeteMetetetetet 0,0 0,0, 0, 00,000, 0.0.0 0.0.0. 0.0.6 0.0 .0.0.0 0.0.0. 0.0.0.0 0.0.0.0. 0.0.0 0.6.4. 0.0. OOOO) 
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e Serial Read Cycle 
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HM534252 Series 


262,144-Word x 4-Bit Multiport CMOS Video RAM 


@ DESCRIPTION 


The HM534252 is a 1-Mbit multiport video RAM equipped 
with a 256k-word x 4-bit dynamic RAM and a 512-word x 
4-bit SAM (serial access memory). 

Its RAM and SAM operate independently and asynchro- 
nously. It can transfer data between RAM and SAM and has 
a write mask function. 

It also provides logic operation mode to simplify its opera- 
tion. In this mode, logic operation between memory data and 
input data can be executed by using internal logic-arithmetic 
unit. 


M@ FEATURES 


e Multiport Organization 
Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 


FAM sc eee ewe Dees ody ewes 256k-word x 4-bit 
SAN tie Oouenea een Mamas woes 512-word x 4-bit 
e Access Time 
TAM ocneaae wes 100 ns/100 ns/120 ns/150 ns (max) 
SAM esteieees tte us 3 30 ns/40 ns/40 ns/50 ns (max) 
e Cycle Time 
RAM ........... 190 ns/190 ns/220 ns/260 ns (max) 
SAMic oss sidaeeias 30 ns/40 ns/40 ns/60 ns (max) 
e Low Power 
Active 
PAM cies cci sh eee howe usw es ea he ee 385 mW (max) 
DAM Fs tesouiee Wawa eee hee ess 358 mW (max) 
SIANGDY, c-evrt'es cays eerakes yee esees 40 mW (max) 


e High-speed Page Mode Capability 

¢ Logic Operation Mode Capability 

e 2 Types of Mask Write Mode Capability 

¢ Bidirectional Data Transfer Cycle between RAM and SAM 

Capability 

¢ Real Time Read Transfer Capability 

e 3 Variations of Refresh (8 ms/512 Cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

¢ TTL Compatible 


@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ag Address Inputs 
I/Op-1/03 RAM Port Data Inputs/Outputs 
SI/O9-SI/03 SAM Port Data Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SC Serial Clock 
SE SAM Port Enable 
Vcc Power Supply 
Vss Ground 
NC No Connection 





3DCP28D 


3DZP28 


@ PIN OUT 


Ves 
B S1/03 
D S1/02 
p SE 


D 1/03 





(Bottom View) 


@ ORDERING INFORMATION 


Access Time 








Package 


400 mil 
28-pin 

Plastic SOJ 
(CP-28D) 










HM534252JP-10 
HM534252JP-11 
HM534252JP-12 
HM534252JP-15 











HM534252ZP-10 400 mil 
HM534252ZP-11 28-pin 
HM534252ZP-12 Plastic ZIP 


HM534252ZP-15 (ZP-28) 
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m@ BLOCK DIAGRAM 


Mask 
Register 


m@ PIN FUNCTION 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation of the 
HM534252. 


¢ Table 1. Operation Cycles of the HM534252 


Input Level at the _ 

Falling Edge of RAS Operation Cycle 
H | H | H | X | RAMRead/Write 
H | H | L | X | Mask Write 
H Ee ee Read Transfer 
H Pseudo Transfer 
H Write Transfer 
cL | x | H | X | CBRRefresh 
L Logic Operation Set/Reset 


Note: X; Don’t care. 


CAS (input pin): Column address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of 1/0 in 
RAM. 


Ao-Ag (input pins): Row address is determined by Ao-—Ag 
level at the falling edge of RAS. Column address is deter- 
mined by Ag—Ag level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 


WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM534252 turns to mask write mode. According to 
the I/O level at the time, write on each I/O can be masked. 
(WE level at the falling edge of RAS is don’t care in read 





HM534252 Series 


o 
2 
o 
a 
oa 
Cd 
a 
a 


From 
Column Address 
(SAM Start Address) 


Shift Register 


cycle.) When WE is high at the falling edge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 


1/O9-I/O3 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high 1/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not put into the SAM data register in a serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 


SI/O9-SI/O3 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SI/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 
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HM534252 Series 
M@ OPERATION OF HM534252 
¢ Operation of RAM Port 


RAM Read Cycle (DT/OE high, CAS high, at the falling 
edge of RAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then when WE is high and DT/OE is low 
while CAS is low, the selected address data outputs through 
I/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (taa) and RAS 
to column address delay time (trap) specifications are add- 
ed to enable high-speed page mode. 


RAM Write Cycle (Early Write, Delayed Write, Read- 
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 


¢ Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after RAS is set low, a 
write cycle is executed and I/O data is written at the select- 
ed addresses. When all 4 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

if WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

if WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE in high. 

if WE is set low after tewp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables write after read to execute in the same ad- 
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 


¢ Mask Write Mode (WE low at the falling edge of RAS) 


lf WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an |/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high 1/O pins and masked in low ones and inter- 
nal data is preserved. This mask data is effective during the 
RAS cycle, So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 


High-Speed Page Mode Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore address access time (ta), RAS to column address 
delay time (trap), and access time from CAS precharge 
(tacp) are added. In one RAS cycle, 512-word memory cells 
of the same row address can be accessed. It is necessary 
to specify access frequency within tras max (10 ps). 


Transfer Operation 


The HM534252 provides the transfer cycle, pseudo trans- 
fer cycle, and write transfer cycle as data transfer cycles. 
These transfer cycles are set by driving DT/OE low at the 
falling edge of RAS. 

They have following functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 
(a) Read transfer cycle:RAM —> SAM 
(b) Write transfer cycle: RAM <— SAM 


(3) Determine input or output of SAM I/O pin (SI/O) 
Read transfer cycle: SI/O output 
Pseudo transfer cycle, 
write transfer cycle: SI/O input 


(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 


Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (512 x 4-bit) determined by this cycle is trans- 
ferred synchronously at the rising edge of DT/OE. After the 
rising edge of DT/OE, the new address data outputs from 
SAM start address determined by column address. 

This cycle can access SAM serially even during transfer 
(real time read transfer). In this case, the timing tspp (min) is 
specified between the last SAM access before transfer and 
DT/OE rising edge, and tgpy (min) between the first SAM 
access and DT/OE rising edge (see figure 1). 

lf read transfer cycle is executed, SI/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and SI/O is in input 
state, uncertain data outputs after ta, z (min) after the RAS 
falling edge. Before that, input should be set high imped- 
ance to avoid data contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching SI/O from 
output state to input state because data in RAM isn’t rewrit- 
ten. This cycle starts when CAS is high DT/OE low, WE low, 
and SE high, at the falling edge of RAS. The output buffer in 
SI/O becomes high impedance within tsaz (max) from the 
RAS falling edge. Data should be input to SI/O later than 
tsip (min) to avoid data contention. SAM access becomes 
enabled after tsap (min) after RAS becomes high. In this cy- 
cle, SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 
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SAM Data After Transfer 





Figure 1. Real Time Read Transfer 


Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tspp (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 


¢ SAM Port Operation 


Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. If SE is set 
high SI/O becomes high impedance and internal pointer is 
incremented at the SC rising edge. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/O 
data isn’t input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can 
mask data for SAM. 


e Refresh 


RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 

RAS Only Refresh Cycle: RAS only refresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter- 
nal circuits. In this cycle, output is high-impedance and pow- 
er dissipation is less than that of normal read/write cycles 
because CAS internal circuits don’t operate. To distinguish 
this cycle from data transfer cycle, DT/OE should be high at 
the falling edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address does not 
need to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered like in 
RAS only refresh cycles because CAS circuits don’t operate. 
To distinguish this cycle from logic operation set/reset cycle, 
WE should be high at the falling edge of RAS. 


id 
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Hidden Refresh Cycle: Hidden refresh cycle performs re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don’t require refresh. 


Logic Operation Mode 


The HM534252 supports logic operation capability on 
RAM port. It performs logic operations between the memory 
cell data and input data in logic operation mode cycle, and 
writes the result into the memory cell (read modify write). 
This function realizes high speed raster operations and sim- 
plifies peripheral circuits for raster operations. 


Logic Operation Set/Reset Cycle (CAS and WE Low at 
the falling edge of RAS) 


In logic operation set/reset cycle, the following operations 
are performed at the same time; (1) Selection of logic opera- 
tions and logic operation mode set/reset, (2) Mask data pro- 
gramming, (3) CAS before RAS refresh. 

Figure 2 shows the timing for logic operation set/reset cy- 
cle. This cycle starts when CAS and WE are low at the fall- 
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by row address and I/O pin at 
the falling edge of RAS respectively. When write cycle is 
performed after this cycle, the logic operation write cycle 


starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi- 
fy-write cycle is performed internally. In this cycle, logic op- 
eration codes and mask data programmed are available until 
reprogrammed. In normal mode, mask data is available only 
for one RAS cycle. Here, the mask data programmed in nor- 
mal mode is named as “temporary mask data” and the one 
programmed in logic operation set/reset cycle is named as 
“mask data”. 


(1) Selection of logic operations and logic operation mode 
set/reset 


Table 2 shows the logic operations. One operation is se- 
lected among sixteen ones by combinations of AO-A3 levels 
at the falling edge of RAS. (A4—A8 are Don’t care.) Logic 
operation codes (A3, A2, A1, AO) = (0, 1, 0, 1) resets the 
logic operation mode. When write cycle is performed after 
than, normal write cycle starts. However, even in this case, 
mask data is still available. |1/O should be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 


(2) Mask data programming 


High/low level of |/O at the falling edge of RAS functions 
as mask data. When I/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It is advanta- 
geous when the same mask data continues. 


\ | / 


Logic Code 


a, a 


1/00-1/03 





Figure 2. Logic Operation Set/Reset 
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¢ Table 2. Logic Code 


Logic Code 


Symbol Write Data Note 


> 
ue 
> 
SS 


> 


—y 


> 
Oo 


oO 


Zero 
ANDI! 
AND2 Logic Operation Mode Set 
AND3 
THROUGH 
O 
R 
O 
ENOR 
INV1 
R2 
INV2 
R 
NAND 


Die Mi 
Logic Operation Mode Reset 
Di¢ Mi + Die Mi 


peemeak 


Di ° Mi 
Die Mi + Die Mi 


Z 
v) 


m 
>) 


= Logic Operation Mode Set 
Di + Mi 


© 


© 
oe) 


Di + Mi 
Di + Mi 


mp fe Pe el eS eS | OLTOl;TOoOy;T Ol OolLlOoOlol!lo 


Notes: Di; External data-in 
Mi; The data of the memory cell 


Logic operation ; ; 
savreae cycle Write cycle Write cycle Write cycle Write cycle 


= 


= 


“O"Write 


“1T"Write Masked Masked 


ee 
Daas) 


“O"Write 


Masked Masked 





ik 


Masked 
THROUGH 


Temporary mask 
data is set, and 
valid only in this 
cycle. 

/O0, 3: Masked 


“T"Write 


AND1 


ws 
‘ 
: 





Mask data is set. 
VO1, 2: Masked 
Assume that the 
logic is set to 
“AND1" 


Remarks 





Figure 3. 2 Types of Mask Write Function and Logic Operation Function 
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Also, temporary mask data is programmed by falling WE 
at the falling edge of RAS in logic operation mode cycle af- 
ter mask data is programmed in logic operation set/reset cy- 
cle. In this case, temporary mask data is available only for 
one cycle. 

Logic operation is reset during temporary mask write cy- 
cle. It means that external input data is written into I/O 
when temporary mask data is set. Figure 4 shows write 
mask and logic operations. These functions are useful when 
RAM port is divided into frame buffer area and data area, as 
they save the need to reprogram logic operation codes and 
mask data. 


Read 1-word source data 


Write Cycle in Logic Operation Mode (Early Write, 
Delayed Write, Page Mode) 


Write cycle after logic operation set cycle is logic opera- 
tion mode cycle. In this cycle, the following read-modify-write 
operation is performed internally. 


(1) Reading memory data in given address into internal bus. 


(2) Performing operation between input data and memory 
data. 


(3) Writing the result of (2) into address given by (1). 


Execute logic operation set/reset cycle 
Read 1-word source data 


Read 1-word destination data 


Execute logic operation between source data 
and destination data 
Write the result of operation into the destination 
address 


(a) Normal Mode 


Write read data into the destination address 


(b) Logic Operation Mode 





Figure 4. Sequence of Raster Operation 


Figure 4 shows sequence of raster operation. Raster op- 
eration which needs 3 cycles (destination read, operation, 
destination write) in normal mode can be executed in one 


write cycle of logic operation mode. It makes raster opera- 
tion faster and simplifies peripheral hardware for raster oper- 
ation. 


@ ABSOLUTE MAXIMUM RATINGS 


Note: 1. Relative to Vss. 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Notes: 1. All voltages referenced to Vss. 
2. — 3.0V for pulse width < 10 ns. 
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HM534252 Series 
e DC Characteristics (Ta = 0 to 70°C, Voc = 5V +10%, Vsgsg = OV) 
HM534252-10 | HM534252-11 | HM534252-12 | HM534252-15 


it 
Pax | Min | [Max | Min [| Mex | 
C70 [| 0 


Test Conditions 
RAM Port SAM Port 
SC = Vy, SE = 


ng|SE = Vjyz, SC Cycling | 1,2 
= Min tscc = Min 


Parameter |Symbol Note 


fs 
| 

< 

i 
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SE = Vy, SC Cycling} ! 
tscc = Min 


SC = Vj, SE = 


SE = Vy, SC Cycling| 2 
tscc = Min 


SC = Vj], SE = 


RAS = Vin |SE = Vyz, SC Cycling | | 3 
tro = Min |tga¢ = Min 


SC = Vj, SE = Vin 
SE = Vjz, SC Cycling 
tscc = Min 

SC = Vy, SE = Vin 


SE = Vy, SC Cycling] 2 
tscc = Min 


Current 
RAS Only Icc3 


Refresh 
Current Icc9 120 
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sa fel — [| Dm 
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Refresh Current trc = Min 
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Data Transfer red 
Current Iec12 thal 135 


<i Lave! Lave! = 
o 15 | 8 Q 
nN 


OL = 4.2mA 


= = B/B| 8B 1B| BIBI B [BIB IB] BIBI ¢ 
<(<([5|5| 5/81 5 |5| 5 |5| 3 [3] 8 [8/8 [8] E 
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Current 
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oe 
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Notes: 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vjq. 


e Capacitance (Ty, = 25°C, Vcc = 5V, f = 1 MHz, Bias: Clock, I/O = Voc, Address = Vss) 





vosvo [| ay | + +)? «da 
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¢ AC Characteristics (Ta = 0 to + 70°C, Vcc = 5V +10%, Vgg = OV)(1, 11) 
Test Conditions 


Input Rise and Fall Time 5 ns 
Output Load See figures 
Input Timing Reference Levels 0.8V, 2.4V 
Output Timing Reference Levels 0.4V, 2.4V 


Output Load (A) Output Load (B) 


lou=—2mA lon=—2mA 
 eeepeneneeenE cal See ee 


lo, =4.2mA lor =4.2mA 


eres prea 


100pF*! 





Note: *1. Including scope & jig. 


Common Parameter 


Pacenicice Symbol HM534252-10 HM534252-11 HM534252-12 HM534252-15 Unit | Note 
Max 


CAS Pulse Width tcas 


Min ere ee 

Write Cycle Time RC 
RAS Precharge Time fee Oe | ee 
RAS Pulse Width tras | 100 120 150 | ons | 
ns 
[ns | 


Row Address Setup Time taSR i a ee 
Row Address Hold Time tRAH = ae eS 
Column Address Setup Time tasc ae oo 
Column Address Hold Time | tcay 


=e 
= 
= 
Lae ie 
RAS toCASDelay Time | trp 
RAS Hold Time oe ae eee eee ee 
si 
pel Lad 
rae 
ss 
Ld 
Ld 
es 


— 
© 


5, 6 


CAS to RAS Precharge Time | tcprp pO |) a 


Transition Time (Rise to Fall) | ty 50 


bo 
2 
E 

Lo 7 


wa 
- 
wn 
p 
ls 
wr 
Oo 


Refresh Period tREF 


DT to RAS Setup Time tpTs zs 


aa 

= 

DT to RAS Hold Time torn | 15 | — | 1 

Data-in to OE Delay Time tpzo ee Ses 
Ce ee 


Data-in to CAS Delay Time tpzc 


— 
E 
dN 
p 
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HM534252 Series 
Read Cycle (RAM), Page Mode Read Cycle 


| Min | Max | Min | Max | | Min | Max | | Min | Max | 
geamear [om [ — > [= [> [- [ef [> [ep 
Referenced to CAS 
ttendaoe (tom | — | s | - | = | - | » | - | # ||: 
games [wm [» [-[* [-T*T-[*|-[-[ 
Referenced to RAS 
ee Oe 
sues [we[-[>[-[*[-[e[-[* [> 
Precharge 
Write Cycle (RAM), Page Mode Write Cycle 

Mi Max Min 

Wite Command Pulse Width | twe | is | — | is | — | » | — | | — | = 
aa ee 
Lead Time 
se [ewe [f= [=f |- [oe 
ae oe 
to WE 
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HM534252 Series 
Read-Modify-Write Cycle 


seca HM534252-10 HM534252-15 ~ 
semmect [er [~ [= [- [= [= Te [-fe [= 
Delay Referenced to OE 
a oe ee 
Lead Time 
a ee 
mare [ow Fe [=P [=e [= [= f= T 
to WE 
Refresh Cycle 

Min 

Gia! = fe [= [- Te [=f [- te 
(CAS Before RAS Refresh) 
Ee Fienam| on | » [= |» [|= [=| * [= fo 
mar [we Te [-[* [=P [= [= [=f 
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HM534252 Series 


HM534252-10 HM534252-11 HM534252-12 HM534252-15 


Transfer Cycle 


Parameter Symbol Unit | Note 


J iE 


os 


Serial Read Cycle 


| Min | Max | Min | Max | Min | Max | Min | Max | 
Access Time from SC tsa | — | 
Serial Data-out Hold Time i ee (ee ee 


Serial Output Buffer Turn-off 


ae ee 
sate [we [ff [Pet Te 
to RAS High 
ee ee 
Time from RAS 
faoagrec” [we | — | * | - | # | - | # | - |» | 
sane [ete tele fe fe fel [ef 
etree [> [=f [=P [Po TT 
Serial Clock Cycle Time | tscc_ | 30 | — | 4 | — [| | — | © | — | os | 
Serial Clock Cycle Time | tsccr | 40 | ~ | 4 | —~ | 4 | — | © | — | om | 13 
Access TimefromsC_____| tsca_| — | 30 | — [| # | — | #@ | ~ | 5 | ms | 4 
Serial Data-out Hold Time | tson_ | 7 | — | 7 | — | 7 | ~ | 7 | — | w| 4 
a ee eee 
a MO ae | 
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HM534252 Series 
Serial Write Cycle 


Serial Write Enable Hold Time | tswy 


50 


w 
wo 
wi 
w 
wa 


Tain [Max [Min ax [Min[ Max [Min [Max] 
i ee 
Setup Time SWS 

Dea a 

Serial Write Disable ' 

=e oe eee 


Logic Operation Mode 


CAS Hold Time (Logic ; 
Operation Set/Reset Cycle) FCHR 


- ; ee HM534252-10 HM534252-11 HM534252-12 HM534252-15 are Nos 
arameter mbdo. nl ote 
1 


M 


Somer 
RAS Pulse Width in 
rere [am | [om] ow [wm] [me | ow [ww | 
CAS Pulse Width in 
Write Cycle jtces | 6% | room | | roo00 | 70 iat | to000 | 
CAS Hold Timein Write Cycle | tres | 140 | — | 140 | — | 16 | — | 200 | — | 2s | 
Write Cycle Time [trrc_| 230 | — | 23 | — | 2 | — | 30 | ~ | ns | 
Page Mode Cycle Time 
(Write Cycle) jee | | - | © | - | | -_ cd | - [* 
Notes: 1. AC measurements assume tr = 5 ns. 

2. Assume that trop < trcp (max) and trap * trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds that value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

5. When trpcp 2 trcp (max) and trap < trap (max), access time is specified by tcac. 

6. When trcp * trcp (max) and trap 2 trRAp (max), access time is specified by taa. 

7. torr (max) is defined as the time at which the output achieves the open circuit condition (Voy — 200 mV, Voy, + 
200 mV). 

8. Vy (min) and Vy; (max) are reference levels for measuring timing of input signals. Transition times are measured between 
Vin and Vy,. 

9. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. When tawp 2 tawp (min) and tcwp 2 tcwp (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped- 
ance on I/O pins is controlled by OE. = 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

11. After power-up, pause for 100 ws or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either troy or trey is satisfied, operation is guaranteed. 

13. tgcc2 is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 
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HM534252 Series 


m@ TIMING WAVEFORMS 
¢ Read Cycle 


— if 


Address //) a: Uy, = ? a 
c 


_ RE 


1/0 7 d 
cpa) LL Ln robe fits 
DT/OE tp ROY // 4 V/Z] : Don't care 


e Early Write Cycle 





ime toa 


L Row DY) oo “UL MLL L, 


Ao SEA <= e 


: wll 


ae Ue MMMM 


High-Z 


a 





Ya “CLL 


7/7/,. Don't ca 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 
e Delayed Write Cycle 


tac 


[na -sonrecme ese 
— 
tase 


at = 
ee RAL PULL LLL LLL 


TV 
: 7 Dec eeecae as 

oe pall NTE. 

ws DK ooo MTT 


1/0 High-Z 
(Output) 
: Don't care 


0112-12 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


e Read-Modify-Write Cycle 


te a a P= 
« DEK ae = WTI 


c= 
ve, 777M 11 UM MOTT] 
' one 


(out 
me Mii peer WL LLL LLL, 


V/74° Don't care 
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Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 
e Page Mode Read Cycle 


ale 
om Dm Hee XZIILD (eeeX77/TIO Soma 
ie ie atts 1 


1/0 
(Output) 


PTTITID ae 


WZ : Don't care. 





e Page Mode Write Cycle (Early Write) 


=e . === = UN 
ee as ali | W/77TL 


cn (am is WINS DEE CLLLLLL. 


High-Z 


1/0 
(Output) tors] jtorn 


wre TORT LLL LLL LLL LLL LLL LL LLL LL ALL LLL. 


V//4: Don’t care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 
¢ Page Mode Write Cycle (Delayed Write) 


is ee = OMNI 


™ A KL///N “rg oma Via 
gt = KO SLLLLL (EXD B VET TTIT EL 


1/0 High-Z 


(Output) Vox toen 
DT/OE 


‘0A : Don't care 
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Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


¢ RAS Only Refresh Cycle 


| "a ST 
atres Dy ee ROLTTEITTTTTTTTLITLLTL 


ay Dy 
fircan) CITT TI ITAA ILL 


tors torn 


NIT IELTLL 


: Don’t care. 


0112-17 
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HM534252 Series 
e CAS Before RAS Refresh Cycle 


metres AILLILLLLLLL LLL LLL LLL’ 


© LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLU_ 
Ome) LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL: 


1/0 High-Z 
(Output) 


OE ALLL LL LLLLLLLLLeeee“. 





¢ Hidden Refresh Cycie 


RAS Sd <> 


trp ‘ep 
tore 
CAS ~— y= 


tasr 


oss 
), ais eo dailaaamlies 


TTF UMMUUUIUULIUUUU UA 


torr 1 


) Lvalid Data out 
(Output) Valid Data Out 





DT/OE JS If 


) LG 
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HM534252 Series ——_ 
e Read Transfer Cycle (1)*1, *2 


tae 
taas 


—— 


1 


RAS 


isles ee 1 MU Tas leaien 
aaa 

WE 

ent ee 

| SR 

He SETI i 

ee A | _| e477] 

sc Lt Kf : 

csiay IX ACTIN NOTIN AINE) 

S/O High-Z 

(Input) 


: Don't care 


0112~20 


Notes: *1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


e Read Transfer Cycle (2)*1, “2 


tac 


Phy pee 
wom Om Yee WITT TTT 


we reall tw KALIL LLL LLL LLL LLL 
Ets 


RAS 


CAS 


1/0 
(Output) 


aie aie ee ae Fi 
cna LEE TT EEEEEL LLP ITT T PLETE Lt 


O1nn 


tea tron 


oe I a 1017177 
soe DOLQOKARSA 


NLS 
son 


a a 
aS ie VT TTT LTA LTR ENT] 
nae ee) 


Y77} * Don't care 


OXX] : Inhibit rising transient 
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Notes: “1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM534252 Series 
¢ Pseudo Transfer Cycle 


ls 
Address ——— (SE OTTO 
* iA TITTTTTATTATAEn 


ever NIP YTITITTTTITTTYITITTITTTTETITTLL «son 
KOON : Inhibit rising transien 
® A ee _— 


« AW a ave al 
TTT ETD 


$!1/0 
(Output) —_ 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
e Write Transfer Cycle 


{hee 
we) A YT LT 


mv Arr TATTOOTOOEEOOOTOTT 
= A yr 


V/// : Don't care 
KXS : Inhibit rising transient 


tsis 


Sef ROYAL tee 





cinoat) & 8m ITT TLS T LLIN LL TK“ 


4 
$!/0 High-Z 
(Output) 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM534252 Series 
¢ Serial Read Cycle 


$!/0 
(Output) 


: Don’t care. 





0112-24 


¢ Serial Write Cycle 


Sarr OTN sare aR oars OEP sare 


(= 2) Nemeererered 


cngaty -3m=a XZ 77M "Seton CETL TM "Seto LLY 


(n+1) 


tsis 
tsis tsm 


/// . Don't care. 


0112-25 





Notes: “1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address 0 is accessed next to address 511. 
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HM534252 Series 
e Logic Operation Set/Reset Cycle 


——— 


‘ASR [¢#—> 


De Am 
a | vor UMUALLAUALLUUALILUALU 


(input 7 i VLLLLLLLLLLLLLLLLLL LLL: 


1/0 High-Z 
(Output) 


WE LLL LLL LLL 
[7-Z] : Don't care 





Notes: *1. Logic code AO-A3. 
*2. Write mask data. 
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HM534252 Series 


m@ LOGIC OPERATION MODE TIMING WAVEFORMS 
e Early Write Cycle 


a — m—=— 
ars eae 


gu ane (ih CLLLELLLELLT 


DOT/OE 
(// A: Don't care. 





Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 


¢ Delayed Write Cycle 


mens eee COTATI TIT 


| 
We fi a — ae AAI 


na TD “Of eae 
ia TORE vom TTT 


High-Z : Don’t care. 


0112-28 


1/0 
(Output) 





Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 
e Page Mode Write Cycle (Delayed Write) 


Address M/////® Sm 


tRwe 
(cians i twp 


Me MTN VT TTR VT. 
inns) De KOEN TT REM ENT 


(output) 
Output 


oT/oE //) LLL. 
ZZ]: Don't care 


Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 





e Page Mode Write Cycle (Early Write) 


Address ME ow Hom 7777 Mea 7777 e777 


twou 


fies 
‘us toy 


nt TM HK MZ 


1/0 High-Z 
(Output) = tory 


s/o 7 — “LLL 
V7]: Don't care 


Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 


262,144-Word x 4-Bit Multiport CMOS Video RAM 


™@ DESCRIPTION HM534253JP Series 


The HM534253 is a 1-Mbit multiport video RAM equipped with a 256k-word x 
4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. In addition, it has two new functions. 
Flash write clears the data of one row in one cycle in RAM. Special read transfer 
internally detects that the last address in SAM is read and transfers the next data of 





one row automatically from RAM if a transfer cycle has previously been executed. | 3DCP28D 
These functions make it easier to use the HM534253. (CP-28D) 
m@ FEATURES HM534253ZP Series 
e Multiport Organization 
Asynchronous and Simultaneous Operation of RAM and SAM Capability 
FAM cone tice tie ets cor aad eek oe team eee eGwes 256k-word x 4-Bit 
SAM sieienrsi.h onus de hea Mec ew diene eee A eae ne Ralee 512-word x 4-Bit 
e Access Time RAM ............. cece cece cence eens 100 ns/120 ns/150 ns (max) 
e SAM 65554 owes Gaurte oe are Parse eee 5 30 ns/40 ns/50 ns (max) 
© Cycle: lime: “RAM iscerewca claw y diuven sn aaeaeis 190 ns/220 ns/260 ns (min) 
e SAM cies tema mae is ye aimaie hd os 30 ns/40 ns/60 ns (min) 
¢ Low Power 
ACIVG. SRAM Miso. ay odin uredeue ment cradacetudeuteuic aus 385 mW (max) aerce 
° SNe ees ees aetna enue. tide neta ne naa 275 mW (max) (ZP-28) 
SIANGDY scp wirede case eenueet ea RAG eee ies ee oe oe 40 mW (max) 
¢ High-Speed Page Mode Capability 
e Mask Write Mode Capability m@ PIN OUT 


¢ Bidirectional Data Transfer Cycle HM534253JP Series 
Between RAM and SAM Capability 

e Special Read Transfer Cycle Capability 

e Flash Write Cycle Capability 

e 3 Variations of Refresh (8 ms/512 cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

e TTL Compatible 


M@ ORDERING INFORMATION 


HM534253JP-10 
HM534253JP-12 
HM534253JP-15 


HM534253ZP-10 
HM534253ZP-12 
HM534253ZP-15 


HM534253ZP Series 


i 


! 















ae 
— 
aan 
pa) 
wae 
Sa an 
rae 
eee 
feces 
= 
——=j 
 _ == 
aaa SES 
ae 
—— 


Package 
400 mil 28-pin 
Plastic SOJ 
(CP-28D) 
400 mil 28-pin 


Plastic ZIP 
(ZP-28) @ PIN DESCRIPTION 


| 


i 


(Bottom View) 


(Top View) 













Pin Name Function 
Aop-Ag Address Inputs 
I/O9-1/03 RAM Port Data Inputs/Outputs 
SI/O9-SI/03 SAM Port Data Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SC Serial Clock 
SE SAM Port Enable 
DSF Special Function Input Flag 
QSF Data Register Empty Flag 
Vcc Power Supply 
Vss Ground 
NC No Connection 


© HITACHI 
1070 Hitachi America, Ltd. ¢ Hitachi Plaza 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


m@ BLOCK DIAGRAM 


Flash Write Control 


ow 
VV 0 511 0 
DR : Data Register 
Mask 
ee] Reaict 
eeister 
Color a 
Register 


4 
|_SI/0 | 


m@ PIN FUNCTION 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation cycle of 
the HM534253. 


¢ Table 1. Operation Cycles of the HM534253 


Input Level at the Falling Ease of RAS Operation 

CAS | DT/OE | WE Cycle 

H RAM Read/Write 

H | H | H |x] HH. Color Register Set 
Initialization 
Transfer 

H ae. eH Pseudo Transfer 

H Write Transfer 


Note: X: Don’t care. 


CAS (input pin): Column address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 


Ao-Ag (input pins): Row address is determined by Ag—Ag 
level at the falling edge of RAS. Column address is deter- 
mined by Ap—Ag level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 


WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM534253 turns to mask write mode. According to 
the !/O level at the time, write on each I/O can be masked. 
(WE level at the falling edge of RAS is don’t care in read 





HM534253 Series 


Pointer 
From 
Column Address 
(SAM Start 
Address) 


Shift Register 


cycle.) When WE is high at the falling edge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 


1/O9-I/O3 (input/output pins): !/O pins function as mask 
data at the falling edge of RAS (in mask write and flash 
write mode). Data is written only on high !/O pins. Data on 
low I/O pins are masked and internal data are retained. Af- 
ter that, they function as input/output pins as those of a 
standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 


SI/O9-SI/O3 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a special read transfer 
cycle or special read initialization cycle, SI/O outputs data. 
When it was a pseudo transfer cycle or write transfer cycle, 
SI/O inputs data. 


DSF (input pin): DSF is a special data input flag pin. It is set 
to high when new functions such as color register set, spe- 
cial read transfer, and flash write, are used. 
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HM534253 Series 


QSF (output pin): The HM534253 has a double buffer orga- 
nization which includes two SAM data registers to relax the 
restriction of timings of DT/OE and SC in real time transfer 
cycle. QSF flag turns high when output from one of SAM 
data registers finished (data register empty flag). If the con- 
dition is detected and special read transfer cycle is execut- 
ed, data is transferred to the empty register. SC (serial 
clock) and data transfer cycle can be set asynchronously 
because detection of the last address in SAM and change of 
data register are executed automatically in the chip. It 
makes the system design flexible. 


M@ OPERATION OF HM534253 
¢ Operation of RAM Port 


RAM Read Cycle (DT/OE high, CAS high, DSF low at the 
falling edge of RAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data is output 
through I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (taa) 
and RAS to column address delay time (trap) specifications 
are added to enable high-speed page mode. 


RAM Write Cycle (Early Write, Delayed Write, Read 
Modify Write) (DT/OE high, CAS high, DSF low at the fall- 
ing edge of RAS) 


¢ Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select- 
ed addresses. When all 4 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

lf WE is set low after tewp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read modify write cy- 
cle and enables read/write to execute in the same address 
cycle. In this cycle also, to avoid |/O contention, data should 
be input after reading data and driving OE high. 


e Mask Write Mode (WE low at the falling edge of RAS) 


lf WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high |/O pins and masked in low ones and inter- 
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 


High-Speed Page Mode Cycle (DT/OE high, CAS high, 
DSF low at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time (taa), RAS to column ad- 
dress delay time (taap), and access time from CAS pre- 
charge (tacp) are added. In one RAS cycle, 512-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tras max 
(10 ps). 


e Flash Write Function (See figure 1) 


¢ Color Register Set Cycle (CASeDT/OEeWE high, DSF high 
at the falling edge of RAS) 


In color register set cycle, color data is set to the internal 
color register used in flash write cycle. 4 bits of internal col- 
or register are provided at each I/O. This register is com- 
posed of static circuits, so once it is set, it preserves the 
data until reset. The data set is just as same as in the usual 
write cycle except that DSF is set high at the falling edge of 
RAS, and early write and delayed write cycle can be execut- 
ed. In this cycle, memory array access is not executed, so it 
is unnecessary to give row and column addresses. 


e Flash Write Cycle (CASeDT/OE high, WE low, DSF high at 
the falling edge of RAS) 


In a flash write cycle, a row of data (6512 x 4 bit) is 
cleared to 0 or 1 at each 1/O according to the data of color 
register mentioned before. It is also possible to mask I/O in 
this cycle. When CASeDT/OE is set high, WE is low, and 
DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is to |/O. Mask data is as same as that of a RAM 
write cycle. High I/O is cleared, low I/O is not cleared and 
the internal data is preserved. Cycle time is the same as 
those of RAM read/write cycles, so all bits can be cleared in 
1/512 of the usual cycle time. 
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Figure 1. Use of Flash Write 
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HM534253 Series 


e Transfer Operation 


The HM534253 provides the special read initialization cy- 
cle, special read transfer cycle, pseudo transfer cycle, and 
write transfer cycle as data transfer cycles. These transfer 
cycles are set by driving DT/OE low at the falling edge of 
RAS. They have the following functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 
(a) Special read initialization cycle, 
Special read transfer cycle: RAM — SAM 
(b) Write transfer cycle: RAM <— SAM 


(3) Determine input or output of SAM I/O pin (SI/O) Special 
read initialization cycle: SI/O output 


SI/O input 


(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 


Pseudo transfer cycle, write transfer cycle: 


Special Read Initialization Cycle (CAS high, DT/OE low, 
WE high, DSF low at the falling edge of RAS) 


lf CAS is high, DT/OE is low, WE high, and DSF low at 
the falling edge of RAS, this cycle becomes a special read 
initialization cycle. Special read initialization is used (1) to 
start special read transfer operation and (2) to switch SAM 
input/output pin (SI/O), set in input state by pseudo transfer 
cycle or write transfer cycle, to output state. 

If the clock is set as mentioned before, address of SAM 
transfer word line is set to row address and first SAM ad- 
dress to access (SAM start address) to column address, it 
becomes possible to execute SAM read after tgap (min) af- 
ter RAS is high. In this cycle, SI/O outputs uncertain data 
after the RAS falling edge. So when SAM is in input state 
before executing this cycle, it is necessary to stop input be- 
fore the RAS falling edge. 

SAM access is inhibited while RAS is low in this cycle. SC 
should not be raised during RAS low. 


Special Read Transfer Cycle (CAS high, DT/OE low, WE 
high, DSF high at the falling edge of RAS) 


Ordinary multiport video RAM has some problems; (1) se- 
vere limitation on timings between processor clock DT/OE 
and CRT clock SC, (2) complicated external control circuit to 
detect SAM last address externally and to insert transfer cy- 
cle synchronously. Special read transfer cycle makes it pos- 
sible to relax the timing limitations and to set serial clock 
(SC) and transfer cycle perfectly synchronously. 

Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two data reg- 
isters (DR). When data is read out from DRO serially, special 
read transfer cycle transfers a row of RAM data, which will 
be read from SAM next, to DR1. 

The end of data read from DRO is detected internally and 
data register switching circuit automatically switches to DR1 
output. So data can be output continuously. 


Figure 3 shows special read transfer operation sequence. 
QSF flag indicates that reading out from data register has 
finished (data register empty flag), and special read transfer 
can be executed while QSF is high. At first, special read op- 
eration starts by executing a special read initialization cycle. 
So QSF becomes high, the processor gives row address 
and SAM start address, which is need next, to the memory, 
and inserts a special read transfer cycle. Data register be- 
comes full after a special read transfer cycle, so QSF be- 
comes low during the cycle. When the last SAM address is 
accessed, QSF becomes high and the data register, which 
outputs from the next SAM address, changes, and serial ac- 
cess can be executed. 

By executing these handshakes, serial clock and transfer 
cycle can be executed perfectly asynchronously, and flexibil- 
ity of the system design is improved. 


Special read transfer cycle is set by making CAS high, 
DT/OE low, WE high, and DSF high at the falling edge of 
RAS (same as for special read initialization cycle except 
DSF). Like in other transfer cycles, the address of the word 
line to transfer into data register is specified by row address 
and SAM start is specified by column address. When the 
last SAM address data is output, the next data is output 
from the SAM start address specified by this RAS cycle. 
This transfer cycle can be executed asynchronously with 
SAM cycle. However, it is necessary to execute SAM access 
after RAS becomes high after SAM start address is speci- 
fied by RAS cycle. (See figure 4.) 

QSF should be high at the falling edge of RAS to execute 
a special read transfer cycle. A cycle whose QSF is low is 
neglected (refresh is executed). When the previous transfer 
cycle is a pseudo transfer or write transfer cycle and SI/O is 
in input state, special read transfer cycle cannot be used 
(neglected). Special read initialization cycle is required to 
switch SI/O to output state. 


Pseudo Transfer Cycle (CAS high, 
and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching SI/O from 
output state to input state because data in RAM isn’t rewrit- 
ten. This cycle starts when CAS is high, DT/OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in SI/O becomes high impedance within tsaz (max) 
from the RAS falling edge. Data should be input to SI/O lat- 
er than tsjp (min) to avoid data contention. SAM access be- 
comes enabled after tsap (min) after RAS becomes high, 
like in the special read initialization cycle. In this cycle, SAM 
access is inhibited during RAS low, therefore, SC should not 
be raised. 


Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tsap (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 


T/OE low, WE low, 
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Figure 2. Block Diagram for Special Read Transfer 


RAM 
> DRI 


RAM RAM 
DRO > DRO 
Muttiport eee oe: 
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Operation Write wanster cycle /Write vaneter cycle, /Write 
Cycle ae : oon 
aoe \ 


oe a | 8s | Column si hs 


Y=511 Y=) | +1! 


(out) Output from DRO Output from DR1 


Figure 3. Special Read Transfer Operation Sequence 





(Special read 
transfer cycle) 


Address 





(Y¥k+1) 





Figure 4. The Restriction of Special Read Transfer 
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™@ SAM PORT OPERATION 


© Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is special read initialization cycle or special read 
transfer cycle. Access is synchronized with SC rising, and 
SAM data is output from SI/O. When the last address is ac- 
cessed at the state of QSF low (data register is full), it is 
signaled to external circuits that special read transfer is en- 
abled by making QSF high. Next, after SAM access, output 
data register is switched, then the row address data given 
by previous special read transfer cycle is output from the 
SAM start address. If special read transfer isn’t performed 
(QSF high), the column address 0 of the same row address 
is accessed after the last address is accessed. 


¢ Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/O 
data isn’t input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can be 
used to mask data for SAM. 


M@ REFRESH 


e RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter 
Terminal Voltage fp 
Power Supply Voltage | Vee 
Power Dissipation ee 
Operating Temperature 
Storage Temperature 


Note: 1. Relative to Vsg 
M@ ELECTRICAL CHARACTERISTICS 


512 row addresses every 8 ms. There are three refresh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 


RAS Only Refresh Cycle: RAS only refresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter- 
nal circuits. In this cycle, output is high-impedance and pow- 
er dissipation is less than that of normal read/write cycles 
because CAS internal circuits don’t operate. To distinguish 
this cycle from data transfer cycle, DT/OE should be high at 
the falling edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im- 
pedance and power dissipation is lowered like in RAS only 
refresh cycles because CAS circuits don’t operate. 


Hidden Refresh Cycle: Hidden refresh cycle performs re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 


e SAM Refresh 


SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don’t require refresh. 


—1.0to +7.0 
—0.5 to + 7.0 
Oto +70 
—55to + 125 


— 


¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Input High Voltage va |e 
Input Low Voltage a ee ee 


Notes: 1. All voltages referenced to Vss. 
2. —3.0V for pulse width < 10 ns. 
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e DC Electrical Characteristics (T, = 0 to + 70°C, Vcc = 5V +10%, Vss 


ae HM534253-10 | HM534253-12 | HM534253-15 
arameter ymvdo : 

Operating 

Current 


ee 


Current 


= 
aed 
meat 
ze 
et 
ee 
ie 


| 
oO 
S 


Test Conditions 

ni 

sAM Pon 

CAS SC = Vy, SE = Vin 
SE = Vj, SC Cycling 
tscc = Min 

SC = Vy, SE = Vig 
SE = Vj,, SC Cycling 
tscc = Min 


Note 











S Cycling SC = Vir, SE = Vin 
Refresh CAS = Vin SE = V : SC Cycling 





Page Mode ocs | — | 65 CAS Cycling SC, SE = Vin 
S= Vir | SE = Vyz, SC Cyclin 
Current Icci0 115 tre = Min ea a y g 


SC = Vj, SE = Vin 
SE = Vj, SC Cycling 
tscc = Min 

SC = V},,SE = Vin 


SE = Vj, SC Cycling 
tscc = Min 


CAS Before Iccs 


RAS Refresh 
Current Ieci1 110 


Data Icce 
Transfer 





Current Ieci2 


Hoos _| 
= 
Hoos _ 
= 


* 
in 
fe 
1o) 
= = 5S iB| B 1B] B IB! B IB] B IB] EB IB G 
<|=[3|5/8 (3/8 |3/s [3/8 [8/8 [8/8 is) & 


Output Leakage = 3 

Output High ew 
Voltage pm | - fw] - |e | oe 
Output Low = 

Voltage = | m | - | om | - | a | a 


e Capacitance (Ta = 25°C, Vcc = 5V, f = 1 MHz, Bias: Clock, |/O = Vcc, Address = Vgs) 
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e AC Characteristics (Ty, = 0 to + 70°C, Vcc = 5V +10%, Vsg = OV)!: 11 
Test Conditions 


Input Rise and Fall Time 5 ns 
Output Load See Figures 
Input Timing Reference Levels 0.8V, 2.4V 
Output Timing Reference Levels 0.4V, 2.4V 


Output Load (A) Output Load (B) 


lon=—2mA low = —2mA 


———— cine aecneancralgies 


lo, =4.2mA lor =4.2mA 


— ey 


100pF*? 





Note: *1. Including scope & jig. 


Common Parameters 


Random Read or Write Cycle Time Pag [oe = f= 260 er 
Column Address Setup Time a 
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Read Cycle (RAM), Page Mode Read Cycle 


Max 
acer [om [> [>t f* fete [-[ 
Referenced to CAS 
ear [oe [fo fe f= te lee l 
a ae ee 
Referenced to RAS 
ee 


Write Cycie (RAM), Page Mode Write Cycle, Color Register Set Cycle 


. ere HMS534253-10 HM534253-12 HM534253-15 
a _ 
Min Max 
Write Command Setup Time twcs Oe 


Unit Note 


9 


Mask Data to RAS Setup Time 
Mask Data to RAS Hold Time 
OE Hold Time Referenced to WE toEH 
Page Mode Cycle Time 


5 


Write Command Hold Time twcH | eee 4 
Write Command Pulse Width Re dee tl 
Write Command to RAS Lead Time | trwe | 30 | 
Write Command to CAS Lead Time 
Data-in Setup Time 
Data-in Hold Time . 2 
WE to RAS Setup Time a a 
WE to RAS Hold Time 
| 55 


— 
) 


[Max [Min [Max | Min 
cee ee 
eee 
ae oa ee 
0 | - |» | — | «0 
eae a ee 
a ieee ae a ee 
es a 
a a ae 


CAS Precharge Time 
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HM534253 Series 
Read-Modify-Write Cycle 


ite [Mat | ia [Marin Mas 
Read-Modify-Write Cycle Time 25 | — | 25 | — | 350 | — | os | 
Access Time from RAS ne Se ease Ae ae aE ee 
ar i ce 
Referenced to OE 


Refresh Cycle 


HM534253-10 HM534253-12 HM534253-15 


Parameter Symbol . Unit Note 
eed eee ee 

CAS Setup Time t 10 

(CAS Before RAS Refresh) CSR 

CAS Hold Time 

Gamekisney [om | » | - | 3 | - | » | - | = 
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Transfer Cycle 


Parameter 


WE to RAS Setup Time 

WE to RAS Hold Time 

SE to RAS Setup Time 

SE to RAS Hold Time 

RAS to SC Delay Time 

SC to RAS Setup Time 

RAS to QSF Delay Time 

RAS to QSF (high) Delay Time 


Serial Data Input Delay Time 
from RAS 


Serial Data Input to RAS 
Delay Time 


Serial Output Buffer Turn-off 
Delay from RAS 


(Low-Z) Delay Time 


Serial Clock Cycle Time 
Access Time from SC 
Serial Data-out Hold Time 
SC Pulse Width 

SC Precharge Width 

Serial Data-in Setup Time 
Serial Data-in Hold Time 


Serial Read Cycle 


Parameter 


Serial Clock Cycle Time 
Access Time from SC 
Access Time from SE 
Serial Data-out Hold Time 
SC Pulse Width 

SC Precharge Width 


Serial Output Buffer Turn-off 
Delay from SE 


Last SC to QSF Delay Time 


HM534253 Series 


HM534253-10 HM534253-15 


Max 


HM534253-12 


Symbol Unit 


tws 


Z 
c: 


ot 
Q 
— 
= 
we 
oO 


tEs 


esl 
an) 


tsRD 
tgRs 

tReDp 
tRQH 


120 150 
BD B 
10 
40 


J 


) 


M 

2 

2 

3 

4 

tsIp 7 


tszR 0 


~ 


tsRZ 


tRLZ 


tscc 
tsca 
tsoH 


=) 


nm 


tscp 
tsIs 
tsIH 


— 


in 
0 
0 
5 
5 
5 
10 
10 
7 
10 
10 
25 


| Max | Min | 
aa ae 
ae oe 
fae ee 
eee ea 
ee 
ae ee 
| io | - | 
ace 
[= 
T= Te 
= 
Sa ae oe 
a aa 
ene ee ie 
ae ee ae 
ae ae ae 
Bee ae ee 
ae ae 


| 120 
eee! 
| 40 | 
== 
a 
ee el 
ae 
a 


HM534253-12 HM534253-15 


Symbol Unit 


HM534253-10 
Min Max 


flee na eee Oe Mee ee 
a ee ee ee ee a 
See a Le ee 
a ee ee ee 
Bs a AO NL ee A ase 
ECS aC ae a ee ee 
fe fe f= fef=fef=l= 
| tsp | = | mp | — | m | — [ tm] os | 
© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ (415) 589-8300 


Note 


Note 


1081 





HM534253 Series 
Serial Write Cycle 


Serial Write Enable Setup Time tsws 


| Min | Max | Min | Max | Min | Ma 
Serial Clock Cycle Time tcc | 30 | — | 4 | | 0 | — | ms | 
SC Pulse Width tsc ee ee fe de | ons 
SC Precharge Width tscp 0 es ee a ih. lee: 4 | ons | 
Serial Data-in Setup Time tsis hs tO | ns | 
Serial Data-in Hold Time tai | ons 
Let i | ns | 
Le 


Serial Write Enable Hold Time tswH 
Serial Write Disable Setup Time tswIs 
Serial Write Disable Hold time tswIH 


Flash Write Cycle 


Parameter Symbol Unit Note 


HM534253-10 HM534253-12 HM534253-15 
Min Max 


a) 


Ww — — 
wm So 


0 

0 ea 

0 = 
== 

waa 
ae 

z a 
ae 

3 a 


Min 
zs 
ae ae 
ae ee: 
Sa ae 
| - | 3 | 
= aa 
| = | 9 
| -— | 9 | 
ae ae 


w 
oS 


xX 
HM534253-10 HM534253-12 HM534253-15 Unit 
ni 

Xx 


[ms | 
ms | 
ns | 

a ee 
Referenced to RAS CHHR 


Notes: 1. 
2. 


ANAS Ww 


10. 


11. 


12. 


1082 


. When trcp * trcp (max) and trap 
. torr (max) is defined as the time at which the output achieves the open circuit condition (Voy — 200 mV, 


AC measurements assume tr = 5 ns. 
Assume that trpcp S trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 


When trcp 2 trcp (max) and trap * trRAp (max), access time is specified by tcac. 
= trRAD (max), access time is specified by ta. 


Vor + 200 mV). 


. Vin (min) and Vy, (max) are reference levels for measuring timing of input signals. Transition times are measured between 


Vin and Vy. 


. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 


condition. When tawp 2 tawp (min) and tcwp 2 tcwp (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data out pin and input data is written into the selected address. In this case, impedance 
on I/O pins is controlled by OE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

After power-up, pause for 100 ws or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

If either trey Or trry is Satisfied, operation is guaranteed. 
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@ TIMING WAVEFORMS 
¢ Read Cycle 


i 

" |e Ee 

Address “8 LPs ore E comm ITLL LLLLLLLLL, 
ty = 

We (= UML 


pects 


— [Valid 


finds ol 
te TE a 
BT/OE RF _ 


tsrs 


o 7 ° 72) bo cae. 





| 
¢ Early Write Cycle 


Address Row Fa WO YAS) ///// 
aes : 


as > III 


t 
(noct) D2 OM te LLL 


1/0 High-Z 
(Output) i torn 
tors 


DT/OE ZA WLLL ZZZZZ 


tars 


| || WZ 
: Don't care. 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 
¢ Delayed Write Cycle 


el 
Address fe LLL 


we | C= AIIM 
]] i = 


vi sn, jap I 
| eR 


High-Z 


1/0 
(Output) 
tsen 


tsrs qm 
or Bl” WW 
: Don't care. 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


¢ Read-Modify-Write Cycle 


& 
HE Bt cacao ie 
as yf 


We DD: \O7 | = N= VILL 


Ty 
cs 777) - eee 


0, ZK <A REIT 


1/0 dd Valid 
(Output) a k ad 
il 


_— iin UMMM 


SFS 


toen 


tsen 


or IN WITT LLL, 
* Don’t care. 


0119-11 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 
e Page Mode Read Cycle 


Fi a Sze 


eli = = CHIL 
ape mH 
Hire t aa on 


Address 


- Zo - 


(outpu t) eee ce 

nt) The a Ia 
Ea tn 

“WLTTTIETEITILELLELETLILELITLT. 


we 
V/Z : Don't care. 


OT/5E 





Page Mode Write Cycle (Early Write) 
tac 
teas tee 
tasn 


Lad 


= aa 
CLIT DR ES, CITT 


ve Bal enh V7, [ot [wm 


12, a PO EA WL 


High-Z 





mae SD lineeeeeecenee 
EY TTT TTT 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 
¢ Page Mode Write Cycle (Delayed Write) 


: cae 


sc 0 L/L LD LLL RL LLL 


towL tow. 


ws, | twp 


XK WT TTA " ——-- 


sfx IE. IE 


ioe C_XREX RENNES CTI 


1/0 HIGH~Z 
(OUTPUT) 
‘ots 


' toEH 
TT CMMI 


tsFH 
tsrs 


TN TTT LLL LL. 
[ZZ] ; Don’t care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


¢ RAS Only Refresh Cycle 


tore a 


OR 
os 7 UMILUUILU 


ae 


p>] ‘RAH 
address //) = LLILLLLLLLLLLLLLILLLLLLLLLLL_ 
(ourpun) at 


cnPu SIT IEITTET TTT LTT TTL Z7. 


ors] | ‘pty 


m6 a! ecemmeenam 


5 IN ILL LLLLLLLLLLLLLLLL.) 


(721: Don't care 
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HM534253 Series 
e CAS Before RAS Refresh Cycie 


RAS 


CAS 


Address ANLLLLLLLLLLLLLLLLLLLLLLLLLLLLLILLLL.: 
WE LLLLLLLLLLLLLLLLLLILLLLLLLLLLLLILL_L_ 


neon LLL. 


1/0 HIGH-Z 
(OUTPUT) 


DT/0E LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL. 


SF VLLLLLLLLLLLLLLLLLULLLILULLUALLU&LL_ 
[ZZ]: Don’t care 


0119-16 





¢ Hidden Refresh Cycle 


torP 
CAS //f trans 


ston 7 ETT 
[L jm 


LLL, al ALLLLLLLLLLLLLL LLL. 


torr 1 


1/0 
(OUTPUT) 


DT/OE 


1/0 
(INPUT) 





LD ILLLLLLLLLLLL LLL 
ZZ] ; Don't care 


0119-17 
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HM534253 Series 


¢ Special Read Initialization Cycle (1)*1, *2 
IAS coe, 


Me 


— aa oe 


RAS 


i 


Ase 
ae 


Address |), Ml Address MALI LLL LLL LLL 


| — 
We het NALA LL 


QSF 


tsc tsc 
~ : tsaoj{ 
(’ 


LA J \) 
( a NNratslelaralelatee’s. ee ee, 
ws i lsce | ts OH 


Ihe] tsca : Don't care 


d 
ow E/T * 


Dk" VIII 


Sc XX) IAKAAAANY YY 


$1/0 
(Output) 


0119-18 





Notes: *1. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as 
special read initialization cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


¢ Special Read Initialization Cycle (2)*1,*2 


tac 
tras 


RAS ns , Se 
1882 pp ten : 
as = —P 
address ‘oe = LLL 
WE BMY ROLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL 


(a sa 
ost CUNLILLLLLLILL 
ove |” W777 LLL LLL 


ff 


(Input) = : : Don't care 
ap “Or KXD : Inhibit rising transient 


oe Di | WHILE: 9 oon car 


0119-19 





Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization 
cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 


e Special Read Transfer Cycle”, *2 


Address ” eS colom 
we Uf Samo 


1/0 High-Z 
(Output) 


| 
(Input) ALL LLLLLELLLLLLLLL LEAL LLL LLL LL LLL 


DITOE Ae [TT LLITTCTTUTILLLLLLL ELLIE 
SC ce 


| 
ie, oe CK NK TN 


$i/0 High-Z 
(Input) | treo 


QSF tses 


tsew 


ose ///} LLL LLL LLL) 


: Don't care. 


0119-20 





Notes: *1. When QSF in low level at the faling edge of RAS, the special read transfer cycle is not performed. 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


¢ Pseudo Transfer Cycle 


| hts —ay 
address 7M WN Sam Start address W/L LLL, 


Rd 
OKA AA AA 
POO ra 





(Input) 


$!/0 ' 
(Output) : Don't care 
_ AMY : inhibit rising transient 
QSF 1/0 : Don't care 
0119-21 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 


¢ Write Transfer Cycle 


‘i a bs 
) =, AIASSINAAALESSSOOM 


ie ELLE LL 
it LLL ELLLELLLLLLL LLL LL LLL 


‘i oo OT 
_ 


ee ~— 
eo. ivan se WITTEN x0 5 NTT Kea sin 


S1/0 High-Z 
(Output) 
troo 
(ZZZ : Don't care 
QSF YYW : Inhibit rising transient 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
¢ Serial Read Cycle 





S/O 





V//) : Don't care 


0119-23 
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HM534253 Series 
© Serial Write Cycle 


——— KL/LLT TELL 


Paar mpeg (n+1) 
0, EE NTN Se WLLITTTIN eo 7D 


(Input) Sin(n — 2) ei 1 


tsis 
Pat oA Bre 


: Don't care. 





Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address 0 is accessed next to addres 511. 


e Serial Read Cycle (Around Address 511 in SAM) 





Note: *1. Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle 
isn’t executed (QSF remains in high level), address 0 is accessed next to address 511. 
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HM534253 Series 
¢ Color Register Set Cycle (Early Write) 


tac 


—— 


ton 
as 7] a ne 


tws 


e/a a MUU 


R= 
mw) LLL TLL 8 NTT. 


tors torn 


ove TR I WLLL 


tsrs tsrn 


= LLL 
risrrs TI WLLL. 


: Don't care. 





Note: *1. The level of address pin is don’t care, but cannot be changed in this period. 


© Color Register Set Cycle (Delayed Write) 


' 
tere Pa 


CHS rn oe : 
we //f aos VR OWL, 
|raokcas: ae 


WT 


(mp) LLLLLLLLLL te Bate K/L LLLLLLLLLL 


tors 


DYE #4 LLL. 


tsrs tseu 


a LLL 
sen 71» — NTI 


: Don't care. 





Note: *1. The level of address pin is don’t care, but cannot be changed in this period. 
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HM534253 Series 


e Flash Write Cycle 


tacew 


eed 
ms LU ll MALL. 


: - mi LLL 
a TD == 


DI/OE WM is MALL 
nee //), WML LLL, 


\//4 . Don't care. 
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HM534253A Series 


262,144-Word x 4-Bit Multiport CMOS Video RAM 


™@ DESCRIPTION 


The HM534253A is a 1-Mbit multiport video RAM equipped with a 256k-word x 
4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a logic operation mode by internal logic-arithmetic unit and 
a write mask function. In addition, it has two modes to realize fast writing in RAM. 
Block write and flash write modes clear the data of 4-word x 4-bit and the data of 
one row (512-word x 4-bit) respectively in one cycle of RAM. And the HM534253A 
makes split transfer cycle possible by dividing SAM into two split buffers equipped 
with 256-word x 4-bit each. This cycle can transfer data to SAM which is not active, 
and enables a continuous serial access. 


m@ FEATURES 


¢ Multiport Organization 
Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM: 256k-word x 4-bit and SAM: 512-word x 4-bit 

e Access Time 


PRA Was sreccrdes ne hut cdssuamepdre sxe ard Gk Oita Reka 80 ns/100 ns (max) 
SAM iwi ache en abe eater ites antares oben Cawee a ean 25 ns/25 ns (max) 
e Cycle Time 
PAM soe aw enae eth grees a ak test nse aoe aura ton ew wa ere ws ae Siete 150 ns/190 ns (min) 
DAM cpa hk Bae ts oan ites aud bigs ae aoe le ealals tee oe 30 ns/30 ns (min) 
e Low Power 
PCIVG AN isk wer eta totes s Guar e lakh bo teataa mau weeen 360 mW (max) 
DAM oan tng har aew ace eae we id.e ada e wn eahada eee 275 mW (max) 
SLAIN ais Six tote orn 6 etek wi at vie aca eters here uence okra pnts te Ren Nee 38.5 mW (max) 
e High-Speed Page Mode Capability 
e Logic Operation Mode Capability m@ PIN OUT 


e Mask Write Mode Capability HM534253AJ Series 


e Bidirectional Data Transfer Cycle between RAM and 
SAM Capability 
e Split Transfer Cycle Capability 














Preliminary 


HM534253AJ Series 


38DCP28D 


3DZP28 


(ZP-28) 


HM534253AZ Series 


g 






















1 28 
2 a7 Ee 
e¢ Block Write Mode Capability 3 26 SY 
e Flash Write Mode Capability 4 ye sc 
¢ 3 Variations of Refresh (8 ms/512 cycles) : ri sil 
RAS Only Refresh 7 2? 
CAS Before RAS Refresh 8 21 SAS 
Hidden Refresh 9 20 AS 
¢ TTL Compatible ve 
@ PIN DESCRIPTION fe 
Pin Name Function CAS 
Ao-Ag Address Inputs 
1/0p-1/03 RAM Port Data Inputs/Outputs (Top View) (Bottom View) 
RAS Row Address Strobe a 
CAS Column Address Strobe STC: = a a = : 
—— - ns mil 28-pin 
= ae Ee HM534253AJ-10 100 ns Plastic SOJ 
DT/OE Data Transfer/Output Enable (CP-28D) 
SC Serial Clock HM534253AZ-8 80 ns 400 mil 28-pin 
SE SAM Port Enable HM534253AZ-10 100 ns eos ra 
DSF Special Function Input Flag 
QSF Special Function Output Flag 
Vcc Power Supply 
Vss Ground 
NC No Connection 
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HM534253A Series 
@ BLOCK DIAGRAM 


Column Address 
Buffer 


Flash Write 
Data 
Register 


Control! 
Transfer 


SAM I/O Bus 
SAM Column Decoder 


Register 


Transfer 
Data 


ce) 
~ 
‘oo 
26 
~s 
os 
oU 


Ww 
pe | 
mM 
5 | 2 
p. pees 
4 oS 
rob} tn 
an) w 
: = 
Q 
2 E 
ro) < 
we) w 
Va) 
c 
a 
iva) 


Serial Output | Serial Input 
Buffer Buffer 


SI/00~S1/03 


Mask 
Register 
Color 
Register 


Logic Operation 
Unit 
aie Timing Generators 


1/00~I/03 
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HM534253A Series 


M@ PIN FUNCTIONS 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
the HM534253A. 


CAS (input pin): Column address and DSF signal are fetched 
into chip at the falling edge of CAS, which determines the 
operation mode of HM534253A. CAS controls output imped- 
ance of I/O in RAM. 


Ao—Ag (input pins): Row address is determined by Ago-Ag 
level at the falling edge of RAS. Column address is deter- 
mined by Ag—Ag level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 


WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM534253A turns to mask write mode. According 
to the I/O level at the time, write on each I/O can be 
masked. (WE level at the falling edge of RAS is don’t care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 


1/O9-|/O3 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. In 


e Table 1. Operation Cycles of the HM534253A 


block write cycle, they function as address mask data at the 
falling edge of CAS. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 


SE (input pin): SE pin activates SAM. When SE ts high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 


SI/Op-SI/O3 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
S!I/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 


DSF (input pin): DSF is a special function data input flag pin. 
It is set to high at the falling edge of RAS when new func- 
tions such as color register read/write, split transfer, and 
flash write, are used. DSF is set to high at the falling edge 
of CAS when block write is executed. 


QSF (output pin): QSF outputs data of address A8 in SAM. 
QSF is switched from low to high by accessing address 255 
in SAM and from high to low by accessing 511 address in 
SAM. 


Input Level at the Falling Edge of RAS Secaniees 
ee 


Note: X; Don’t care. 
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@ OPERATION OF HM534253A 


e RAM Read Cycle (DT/OE high, CAS high and DSF low at 
the falling edge of RAS, DSF low at the falling edge of CAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data outputs through 
\/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (taa) and RAS 
to column address delay time (trap) specifications are add- 
ed to enable high-speed page mode. 


¢ RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) 

(DT/OE high, CAS high and DSF low at the falling edge of 
RAS, DSF low at the falling edge of (CAS) 


¢ Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select- 
ed addresses. When all 4 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

lf WE is set low before CAS falling edge, this cycle be- 
comes an early write cycle and !/O becomes in high imped- 
ance. Data is entered at the CAS falling edge. 

lf WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
1/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

lf WE is set low after towp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables read/write at the same address in one cy- 
cle. In this cycle also, to avoid |/O contention, data should 
be input after reading data and driving OE high. 


e Mask Write Mode (WE low at the falling edge of RAS) 


lf WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode which writes only to selected I/O. 
Whether or not an I/O is written depends on I/O level (mask 
data) at the falling edge of RAS. Then the data is written in 
high |/O pins and masked in low ones and internal data is 
retained. This mask data is effective during the RAS cycle. 
So, in high-speed page mode, the mask data is retained dur- 
ing the page access. 


e High-Speed Page Mode Cycle (DT/OE high, CAS high 
and DSF low at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle. In this cycle, read, write, and block write cycles can 
be mixed. Note that address access time (taa), RAS to col- 
umn address delay time (trap), and access time from CAS 
precharge (tacp) are added. In one RAS cycle, 512-word 
memory cells of the same row address can be accessed. It 
is necessary to specify access frequency within trasp max 
(100 ys). 


HM534253A Series 


¢ Color Register Set/Read Cycle (CAS high, DT/OE 
high, WE high and DSF high at the falling edge of RAS) 


In color register set cycle, color data is set to the internal 
color register used in flash write cycle or block write cycle. 4 
bits of internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, it 
retains the data until reset. Color register set cycle is just as 
same as the usual write cycle except that DSF is set high at 
the falling edge of RAS, and read, early write and delayed 
write cycle can be executed. In this cycle, HM534253A re- 
freshes the row address fetched at the falling edge of RAS. 


e Flash Write Cycle (CAS high, DT/OE high, WE low and 
DSF high at the falling edge of RAS) 


In a flash write cycle, a row of data (512-word x 4-bit) is 
cleared to 0 or 1 at each I/O according to the data of color 
register mentioned before. It is also necessary to mask I/O 
in this cycle. When CAS and DT/OE is set high, WE is low, 
and DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is given to I/O. Mask data is as same as that of 
a RAM write cycle. High I/O is cleared, low I/O is not 
cleared and the internal data is retained. Cycle time is the 
same as those of RAM read/write cycles, so all bits can be 
cleared in 1/512 of the usual cycle time. (See figure 1.) If 
this cycle is executed in logic operation mode described lat- 
er, the logic operation mode is reset only in the cycle and 
masked data in this cycle is written. 


e Block Write Cycle (CAS high, DT/OE high and DSF low 
at the falling edge of RAS, DSF high at the falling edge of 
CAS) 


In a block write cycle, 4 columns of data (4-word x 4-bit) 
is cleared to 0 or 1 at each I/O according to the data of 
color register. Column addresses AO and A1 are disregard- 
ed. The data on I/Os and addresses can be masked. I/O 
level at the falling edge of CAS determines the address to 
be cleared. (See figure 2.) If this cycle is executed in logic 
operation mode described later, the logic operation mode is 
reset only in the cycle and masked data in this cycle is writ- 
ten. 


¢ Normal Mode Block Write Cycle (WE high at the falling 
edge of RAS) 


The data on 4 I/Os are all cleared when WE is high at 
the falling edge of RAS. 


e Mask Block Write Mode (WE low at the falling edge of 
RAS) 


When WE is low at the falling edge of RAS, HM534253A 
starts mask block write mode to clear the data on an option- 
al |1/O. The mask data is the same as that of a RAM write 
cycle, High I/O is cleared, low I/O is not cleared and the 
internal data is retained. The mask data is available in the 
RAS cycle. In page mode block write cycle, the mask data is 
retained during the page access. 
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HM534253A Series 


Color Register Set Cycle Flash Write Cycle Flash Write Cycle 


te"9%—%e"s 
Se 5252 540 


OOO 
Address etatatete 252525 ey ete tetatetet 


CFTC TEER I TET. IE TE TEE ETE TIE IY "a" Ye%s%ere"e"eTe"o"e% eee” 97 a%e%e%— "e's een "ee" e%e%etn%e%e%e%e%e%e%0", 
G0 CI IID ta tatetetetetetetetetetetetetetet, O eee t tate tote tate tc tate tatetetetatetetet eters 
OOOO OOO OK OOOO OOOO) BOO OOOO) 
OOOO) ROO OOOO) 0,0. 6.0.0 00.0 0.0.4.6. 6.6.0.0. 0.06 0 6.0.0 6 0 @ 
“a aretetetetatetetete tetera te tetetareetetestorererene’ Mr eteteteteteteteteteteteteteratatetetetetatetetete: 

POCO OSHS ESCH HHO OE OHO OCHS OO OS HOH SOSH OH HS OC HOHE OOO 


Set color register Execute flash write into each Execute flash write into 
I/O on row address Xi using each 1/0 on row address 


color register. Xj usSiqg color register. 


Note: *1. I/O Mask Data 
Low: Mask 
High: Non Mask 





Figure 1. Use of Flash Write 


Color Register Set Cycle Block Write Cycle Block Write Cycle 
> 


Ore) 
omAddress Mask es 


I/O Mask Data 


I/O Mask Data 
Low: Mask 
High: Non Mask 


Address Mask Data 
Column0 (A0= = Mask Data 
Column! (AO = Mask Data 
Column2 (AO = Mask Data 
Column3 (A0= = Mask Data 


Low: Mask 


High: Non Mask 





Figure 2. Use of Block Write 
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e Transfer Operation 


The HM534253A provides the read transfer cycle, split 
read transfer cycle, pseudo transfer cycle, write transfer cy- 
cle and split write transfer cycle as data transfer cycles. 
These transfer cycles are set by driving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle). 


Read transfer cycle and split read transfer cycle: RAM 
to SAM 


Write transfer cycle and split write transfer cycle: SAM 
to RAM 


Determine SI/O state (except for split read transfer cycle 
and split write transfer cycle). 


(2 


— 


Read transfer cycle: SI/O output 


Pseudo transfer cycle and write transfer cycle: SI/O 
input 


(3 


— 


Determine first SAM address to access after transferring 
at column address (SAM start address). 


SAM start address must be determined by read trans- 
fer cycle or pseudo transfer cycle (split transfer cycle 
isn’t available) before SAM access, after power on, and 
determined for each transfer cycle. 


Read Transfer Cycle (CAS high, DT/OE low, WE high and 
DSF low at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE 
low, WE high and DSF low at the falling edge of RAS. The 
row address data (512 x 4-bit) determined by this cycle is 
transferred to SAM data register synchronously at the rising 
edge of DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address determined by 
column address. In read transfer cycle, DT/OE must be ris- 
en to transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tspp (min) speci- 
fied between the last SAM access before transfer and 
DT/OE rising edge and tspy (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 3.) 


Address 


DT/0E 


DSF 


7 SoD |, _, Usox 
SC 


SAM Data before Transfer 





HM534253A Series 


When read transfer cycle is executed, SI/O becomes out- 
put state by first SAM access. Input must be set high impea- 
ance before tszs (min) of the first SAM access to avoid data 
contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
SE high and DSF low at the falling edge of RAS) 


Pseudo transfer cycle switchs SI/O to input state and set 
SAM start address without data transfer to RAM. 

This cycle starts when CAS is high, DT/OE low. WE low, 
SE high and DSF low at the falling edge of RAS. Data 
should be input to SI/O later than tsp (min) after RAS be- 
comes low to avoid data contention. SAM access becomes 
enabled after tg~p (min) after RAS becomes high. In this cy- 
cle, SAM access is inhibited during RAS low, therefore, SC 
must not be risen. 


Write Transfer Cycle (CAS high, DT/OE low, WE low, SE 
low and DSF low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tspp (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. Data trans- 
ferred to SAM by read transfer cycle or split read transfer 
cycle can be written to other addresses of RAM by write 
transfer cycle. However, the address to write data must be 
the same as that of the read transfer cycle or the split read 
transfer cycle (row address AX8). 


Split Read Transfer Cycle (CAS high, DT/OE low, WE 
high and DSF high at the falling edge of RAS) 


To execute a continuous serial read by real time read 
transfer, HM534253A must satisfy SC and DT/OE timings 
and requires an external circuit to detect SAM last address. 
Split read transfer cycle makes it possible to execute a con- 
tinuous serial read without the above timing limitation. Figure 
4 shows the block diagram for a split transfer. SAM data 
register (DR) consists of 2 split buffers, whose organizations 
are 256-word x 4-bit each. Let us suppose that data is read 
from upper data register DR1 (The row address AX8 is 0 


/ 


SAM Data after Transfer 


Figure 3. Real Time Read Transfer 
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and SAM address A8 is 1). When split read transfer is exe- 
cuted setting row address AX8 0 and SAM start addresses 
AO to A7, 256-word x 4-bit data are transferred from RAM to 
the lower data register DRO (SAM address A8 is 0) automat- 
ically. After data are read from data register DR1, data start 
to be read from SAM start addresses of data register DRO. If 
the next split read transfer isn’t executed while data are 
read from data register DRO, data start to be read from SAM 
start address 0 of DR1 after data are read from data register 
DRO. If split read transfer is executed setting row address 
AX8 1 and SAM start addresses AO to A7 while data are 
read from data register DR1, 256-word x 4-bit data are 
transferred to data register DR2. After data are read from 
data register DR1, data start to be read from SAM start ad- 
dresses of data register DR2. If the next split read transfer 
isn’t executed while data are read from data register DR2, 
data start to be read from SAM start address 0 of data reg- 
ister DR3 after data are read from data register DR2. In this 
time, SAM data is the one transferred to data register DR3 


SAM I/O Bus 


E 
s 
3 


finally while row address AX8 is 1. In split read data transfer, 
the SAM start address A8 is automatically set in the data 
register which isn’t used. 

The data on SAM address A8, which will be accessed 
next, outputs to QSF, QSF is switched from low to high by 
accessing SAM last address 255 and from high to low by 
accessing address 511. 

Split read transfer cycle is set when CAS is high, DT/OE 
is low, WE is high and DSF is high at the falling edge of 
RAS. The cycle can be executed asynchronously with SC. 
However, HM534253A must be satisfied tsts (min) timing 
specified between SC rising and RAS falling. SAM start ad- 
dress must be accessed, satisfying tasrt (min), tcst (min) 
and tast (min) timings specified between RAS or CAS falling 
and column address. (See figure 5.) 

In split read transfer, SI/O isn’t switched to output state. 
Therefore, read transfer must be executed to switch SI/O to 
output state when the previous transfer cycle is pseudo 
transfer or write transfer cycle. 


SAM V/O Buffer 





Figure 4. Block Diagram for Split Transfer 





255+Y j 
(Y9) 


Figure 5. Limitation in Split Transfer 
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Split Write Transfer Cycle (CAS high, DT/OE low, WE low 
and DSF high at the falling edge of RAS). 


A continuous serial write cannot be executed because ac- 
cessing SAM is inhibited during RAS low in write transfer. 
Split write transfer cycle makes it possible. In this cycle, tsts 
(min), tast (min), test (min) and tast (min) timings must be 
satisfied like split read transfer cycle. And it is impossible to 
switch SI/O to input state in this cycle. If SI/O is in output 
state, pseudo transfer cycle should be executed to switch 
S!/O into input state. Data transferred to SAM by read trans- 
fer cycle or split read transfer cycle can be written to other 
addresses of RAM by split write transfer cycle. However, 
pseudo transfer cycle must be executed before split write 
transfer cycle. And the MSB of row address (AX8) to write 
data must be the same as that of the read transfer cycle or 
the split read transfer cycle. 


¢ SAM Port Operation 


Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. When SE is 
set high, SI/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 511), the internal pointer indicates ad- 
dress 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, SI/O data 
isn’t fetched into data register. Internal pointer is increment- 
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 511), the 
internal pointer indicates address 0 at the next access. 


e Refresh 


RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is executed by accessing all 
512 row addresses within 8 ms. There are three refresh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac- 
cessed within 8 ms. 


(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe- 
cuted by activating only RAS cycle with CAS fixed to high 
after inputting the row address (= refresh address) from ex- 
ternal circuits. To distinguish this cycle from data transfer cy- 
cle, DT/OE must be high at the falling edge of RAS. 


(2) CBR Refresh Cycle: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address need not 
to be input through external circuits because it is input 
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through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered because 
CAS circuits don’t operate. 


To distinguish this cycle from logic operation set/reset cy- 
cle, WE must be high at the falling edge of RAS. 


(3) Hidden Refresh Cycle: Hidden refresh cycle executes 
CBR refresh with the data output by reactivating RAS when 
DT/OE and CAS keep low in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift register and selector), or- 
ganized as fully static circuitry, require no refresh. 


¢ Logic Operation Mode 


The HM534253A supports logic operation capability on 
RAM port. It executes logic operation between the memory 
cell data and external input data in logic operation mode 
write cycle, and writes the result into the memory cell (read- 
modify-write). This function realizes high speed raster opera- 
tions and simplifies peripheral circuits for raster operations. 


Logic Operation Set/Reset Cycle (CAS low and WE low 
at the falling edge of RAS). 


In logic operation set/reset cycle, the following operations 
are executed at the same time; 1. Selection of logic opera- 
tions and logic operation mode set/reset, 2. Mask data pro- 
gramming, 3. CBR refresh. 

Figure 6 shows the timing for logic operation set/reset cy- 
cle. This cycle starts when CAS and WE are low at the fall- 
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by row address and |/O pin re- 
spectively at the falling edge of RAS. When write cycle is 
executed after this cycle, the logic operation write cycle 
starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi- 
fy-write cycle, which writes the operation result of external 
data and memory cell data into memory cell, is executed in- 
ternally. In this cycle, logic operation codes and mask data 
programmed are available until reprogrammed. Mask data is 
available only for one RAS cycle, in mask write cycle, mask 
block write cycle and flash write cycle. Here, the mask data 
programmed in mask write cycle, mask block write cycle and 
flash write cycle is named as “temporary mask data’ and 
the one programmed in logic operation set/reset cycle is 
named as “mask data’. 


e Selection of Logic Operations and Logic Operation Mode 
Set/Reset 


Table 2 shows the logic operations. One operation is se- 
lected among sixteen ones by combinations of AO—A3 levels 
at the falling edge of RAS. (A4-A8 are Don’t care.) Logic op- 
eration codes (A3, A2, A1, AO)=(0,1,0,1)(THROUGH) resets 
the logic operation mode. When write cycle is executed after 
that, normal write cycle starts. However, even in this case, 
mask data is still available. |1/O must be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 
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e Mask Data Programming 


High/low level of I/O at the falling edge of RAS functions 
as mask data. When I/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It is advanta- 
geous when the same mask data continues. 


Also, temporary mask data can be programmed by falling 
WE at the falling edge of RAS in logic operation mode cycle, 
after mask data is programmed. The temporary mask data is 
available only for one cycle. 

Logic operation is reset during temporary mask write cy- 
cle. It means that external input data is written into I/O 
whose temporary mask data is 1. (See figure 7.) These func- 
tions are useful when RAM port is divided into frame buffer 


area and data area, as they save the need to reprogram log- 
ic operation codes and mask them. 


Mask Data 


I/00-1/03 





Figure 6. Logic Operation Set/Reset 
¢ Table 2. Logic Code 


Logic Code : 
o | o [| o [ o | wero [| o  _ 
of o [ a [an [em 
o | o [| i [ o | Anp [ _Biemi | _—_Lovic Operation Mode Set 
of o {| 1 [| i [| -— [| ™m 
o {| 1 [| o [ o | ann | DeM 
ae a aa oe ee 
of t [| i [| i [om [Dem | 
i {| o [| o [ i [| eNor | DimMi+DieMi 
i |i [| co [ o | ww [| Mm 
(fs [| o [| i [oe [eM 
(| [ : | o | Nap [bem 


Notes: Di: External Data-in. 
Mi: The data of the memory cell. 
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Logic operation 
set/reset cycle Write cycle Write cycle Write cycle Write cycle 


"t"Write “O"Write 
Masked "t"Write Masked Masked 
Masked "O"Write Masked Masked 


1/03 wl "1"Write "O"Write "1"Write 
Logic {| — | ANDI THROUGH AND1 AND1 


Mask data are Temporary 
set to 1/01 and mask data is set, 
Remarks /O2. and valid only 
Logic code in this cycle. 
“AND1" is set. (1/00 and 1/03 
are masked.) 


Figure 7. 2 Types of Mask Write Function and Logic Operation Function 


sale 
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Logic Operation Mode Write Cycle (Early Write, Delayed 
Write and Page Mode) 


Write cycle after logic operation set cycle is logic opera- 
tion mode write cycle. However, this mode is reset in block 
write, mask block write, flash write, and mask write cycle. In 
logic operation mode write cycle, the following read-modify- 
write operation is executed internally. 


(1) Reading memory cell data in given address into internal 
bus. 


! Read l-word source data | 


| Read 1-word destination data | 


Execute logic operation between 
source data and destination data 


Wnite the result of operation into 


the destination address 


(a) Normal Mode 





(2) Executing operation between the data given in I/O pin 
and memory cell data. 


(3) Writing the result of (2) into address given by (1). 


Figure 8 shows the sequence of raster operation. Raster 
operation which needs 3 cycles (destination read, operation 
and destination write) in normal mode can be executed in 
one write cycle of logic operation mode. It makes raster op- 
eration faster and simplifies peripheral hardware for raster 
operation. 


; Execute logic operation set/reset cycle! 


Read |-word source data 


Write the read data into the 
destination address 


(b) Logic Operation Mode 


Figure 8. Sequence of Raster Operation 


Mm ABSOLUTE MAXIMUM RATINGS 


Operating Temperature 
Storage Temperature 


Note: 1. Relative to Vgs. 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Input High Voltage 
Input Low Voltage 


Notes: 1. All voltages referenced to Vgs. 
2. — 3.0V for pulse width < 10 ns. 


Unit Note 
V 1 
V 


Parameter 


Lo) 
So 
— 


Vv iy 
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HM534253A Series 
e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vss = OV) 















p ; eta HM534253A-8 HMS534253A-10 oa Test Conditions 

arameter mbo ni 

Operating Ecc -f| = | | — | 50 | mA | Rasycas SC = Vi SE = Vin 
Cycling SE = Vj, SC Cycli 

Current ; IL> ycling 

unde [a eee ae a I ee SC = Vin. SE = Vin 

RASOnly |tccs {| ~— | 6 | — | 50 | mA | RASCycling | SC = VL SE = Vin 

Refresh CAS = Vin SE = Vj1,, SC Cyclin 

ee Eo ee ee oe ee ee SC = Vi SE = Vin 

CASBefore |tccs | — | 5 | — | 4 | mls SC = Vin, SE = Vin 

RAS Refresh t ers SE = Vj,, SC Cycling 

Current Iceci1 105 mA RC perm Mil 

Data | tocs | — | 7 | — | © | ma | SC = Vin, SE = Vir 

Transfer SE = Vyjz, SC Cycling 

ee joo | — = p= | mo fm tsoc = Min 

Input Leakage = 7 

Output Leakage = a 

Output High we 

Output Low = 


Note: 1. Ic¢c depends on output loading condition when the device is selected, Ic¢ max is specified at the output open condition. 


© Capacitance (Ta = 25°C, Voc = 5V, f = 1 MHz, Bias: Clock, 1/O = Voc, Address = Vgg) 
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e AC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)!: 16 
Test Conditions 


Input Rise and Fall Time 5 ns 
Output Load See figures 
Input Timing Reference Levels 0.8V, 2.4V 
Output Timing Reference Levels 0.4V, 2.4V 


Output Load (A) Output Load (B) 
Ion=—2mA Toy=-2mA +5V 
pacer oe tee aaa 


To.=4.2mA Iop=4.2mA 
SI/0 


100pF*! 


i 





0086-14 
Note: *1. Including scope and jig. 


Common Parameter 


HM534253A-8 HM534253A-10 Unit 
ni 
Min Max 


RAS Pulse Width tRAS 


Parameter Symbol - Note 
[Min Max [Min [Max 


CAS Pulse Width tCAS 


dN 
Oo 


Row Address Setup Time tasR 


F 
S 
: 
2 
i 
© 


Transition Time (Rise to Fall) 


a a 

a ae ae 
Row Address Hold Time tRAH a ae ae 
Column Address Setup Time tasc a ae ae ee ee 
Column Address Hold Time tcAH ae ae eee ee ee 
RAS Hold Time Referenced to CAS tRSH a ae eae ie ee ee 
CAS Hold Time Referenced to RAS tcsH i, 00. ee 100 i ae 
CAS to RAS Precharge Time tcRP 


fon) 
— 
: 


Refresh Period ee ee a 


DT to RAS Setup Time tpTs 


DI io RAS Hold Time = ee ia eee 


WA 
Oo 
- 
wa 
; 
w 


eee 
eee! 
DSF to RAS Setup Time ter | oF | — | 0 | 
DSF to RAS Hold Time treo | t0 | 
DSF to CAS Setup Time trsc oe eee 
a 
ss 


Data-in to CAS Delay Time tpzc 


os 


Data-in to OE Delay Time tpzo 


Output Buffer Turn-off Delay 


Output Buffer Turn-off Delay 


Referenced to OE toFF2 
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HM534253A Series 
Read Cycle (RAM), Page Mode Read Cycle 


HM534253A-8 


HM534253A-10 


Parameter - Unit Note 
Te 

seme [ee | ||», - [=| 

RAS to Column Address Delay Time ae ee ee ee ae 2 
Column Address to RAS Lead Time tRAL i a eee Se a eee ie 
Column AddresstoCASLeadTime {| tear | 40 | — | 48 | = | 
Page Mode Cycle Time a ee 
CAS Precharge Time ee So ee ee ee 
Access TimefromCAS Precharge | tacp | = — | 45 | SO — | 50s 
| 8 | 100 | 00000 | ms 


Page Mode RAS Pulse Width 


Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


HM534253A-8 HM534253A-10 


ax 


g 
ac] 


Parameter Symbol Unit Note 


ee a 
Page Mode RAS Pulse Width | trasp | 80 | 100000 | 10 | 100000 z= ae 
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HM534253A Series 
Read-Modify-Write Cycle 


HM534253A-8 HM534253A-10 
Parameter Symbol Unit 
[Min [Max | Min [Max 


RAS Pulse Width 
(Read-Modify-Write Cycle) tRWS 130 10000 160 


Simkin |bws feo ee 
OE to Data-in Delay Time topp a a ra 


10000 
poten 
Ee 
ae 
Access Time from RAS tRAC feats ae Se ae a 
Access Time from CAS oo aes ae ee ee 
RAS to Column Address Delay Time ee ee ee eee ee ee 
Write Command to RAS Lead Time | tewe | 2 | — | 3 | — | 
Write Command to CAS Lead Time | twr. | 20% | -— | 3 | — | 
Write Command Pulse Width twp a a a ee ee ae eee 


Refresh Cycle 


HM534253A-8 HM534253A-10 ' 
Parameter Symbol Unit 
| Min | Max | Min | Max 
CAS Setup Time 
Guspakasreiwncg | oe | | — |» | = | = 
CAS Hold Time t 15 20 
(CAS Before RAS Refresh Cycle) CHR 


Flash Write Cycle, Block Write Cycle 


HMS534253A-8 HM534253A-10 
Parameter Symbol MM 


Read Transfer Cycle 


Unit 


Bcc ae HM534253A-8 HM534253A-10 -_ 

ae ee | Min [Max [Mi 7 
Mi 

DT Hold Time Referenced to RAS tRDH 10000 | 90 | 10000 


DT Hold Time Referenced to CAS tcDH 
DT Hold Time Referenced to Column Address taDH 


Ist SC to RAS Hold Time tsRH 
Ist SC to CAS Hold Time tsCH 


Ist SC to Column Address Hold Time tsaAH 
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WG 





Note 


14 
14 
12 
6,7 
7,8 


7,9 


12 
12 


Note 


Note 


13 
13 


Note 


HM534253A Series 


Read Transfer Cycle (continued) 





a | | 
Parameter Symbol Unit Note 
oe i lc 
Serial Data-in to 1st SC Delay Time | tyes | oF | — | 0 | — [2s | 
Pseudo Transfer Cycle, Write Transfer Cycle 
[in [Max [Min [Max 
coonome oe | we | oe | * | oe fo» | = 
SC Pulse Width ee a a ee ee ee ee 
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HM534253A Series 
Split Read Transfer Cycle, Split Write Transfer Cycle 


HM534253A-8 HM534253A-10 


Parameter Symbol Unit Note 


Split Transfer Hold Time 

Split Transfer Hold Time ' 20 
Referenced to CAS csr 

Split Transfer Hold Time 


SC to QSF Delay Time ee ee ee oe 15 
QSF Hold Time Referenced to SC Ge ee ee ee eee 
Serial Clock Cycle Time tscc SS ae ee ee ae 

Eee as od 


-_- 
7) 
—_— 


Serial Data-out Hold Time tsoH 5 Lon eee 5 L a | 

Serial Data-out Setup Time tsIs a ee ae ee ee ee ee 

Serial Data-in Hold Time Se oe SS SS eae 

RAS to Column Address Delay Time tRAD ee ee ae ee ee ae ee 
Led 


Column Address to RAS Lead Time tral | 40 


Serial Read Cycle, Serial Write Cycle 


Parameter Symbol Unit Note 
[in [Max [Min [Max 
Serial Clock Cycle Time tscc 


SC Pulse Width 
SC Precharge Width tscp 


en 
= 
wn 
ER 
nN 
OS 
> 
oo 
pL 
= 
oo 
rs 
ys 
as) 
‘s 
rs) 


ul 
22) 
Q 


15 
5 


Taken | we | - |» | = | 
Serial Data-in Setup Time tsIs a Se ae i ee a 
Serial Data-in Hold Time Tae ae Coa ea ane aa 
Serial Write Enable Setup Time tsws ee ewe ee ae ea ae 
Serial Write Enable Hold Time two | 6 | — | — ae 

pee Se 

eae eee 


Serial Write Disable Setup Time 
Serial Write Disable Hold Time 


ps 
ps 
ps 
pms 
ps 
Serial Data-out Hold Time ee a a ee ee oe ee ee 
pas 
ps 
| ns 
eae) 
Ld 
ps 


an in 
= |z 
rm aH 
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HM534253A Series 
Logic Operation Mode 


(CAS Before RAS) 

CAS tl RAS pom | os | - | | - fs 
CAS Hold Time Referenced to RAS | teese | 100 | — | 125 ia ae eer ee 
Write Command Pulse Width twp oe ae ee ee ee ee 


Notes: 1. AC measurements assume tr = 5 ns. 

2. When trcp > trcp (max) or trap > trap (max), access time is specified by tcac or taa. 

3. Viz (min) and Vy; (max) are reference levels for measuring timing of input signals. Transition time ty is measured between 

Vin and Vy. 

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 

cycle, either tpzc (min) or tpzo (min) must be satisfied. 

5. torr, (max) top? (max) and tgpz (max) are defined as the time at which the output achieves the open circuit condition 

(Von — 200 mV, Voy + 200 mV). 

6. Assume that trcp <trcp (max) and trapStrap (max). If trop or trap is greater than the maximum recommended 

value shown in this table, trac exceeds the value shown. 

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

8. When trcp2trcp (max) and trap <trap (max), access time is specified by tcac. 

9. When trcp S$trcp (max) and trap2trap (max), access time is specified by ta. 

0. If either tracy of trey is satisfied, operation is guaranteed. 

1. When twcs2twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condi- 

tion. 

12. These parameters are specified by the later falling edge of CAS or WE. 

13. Either tcpp (min) or topp (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 
applying data to the device when output buffer is on. 

14. When tawp2tawp (min) and tcwp2tcwp (min) in read-modify-write cycle, the data of the selected address outputs to 
an I/O pin and input data is written into the selected address. topp (min) must be satisfied because output buffer must be 
turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

16. After power-up, pause for 100 ss or more and execute at least 8 initialization cycle (normal memory cycle or refresh cycle), 
then start operation. 
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m@ TIMING WAVEFORMS 
¢ Read Cycle 


© - |e 4 
| —————$ $$$ trang ————____—__ | __— trp > 






d| i4-——- LCRA ——> 


tRCS 
> 














| te 4 oe 

4 tcac—> 

a taa———_ 
trac— 

1/0 

(Output) 

t/ [4——toz¢-—> ¢-toac> 

0 OOO 
(Input) Beeeeeee 
| 
DT/0E Ree 
OSF 





SOS ' 
Some -Don't care 


Sang RRR 2 
4 nas 9) ft trp ——_> 


ooo 


SSH ¢+—tcre—> 
to ee 
SSS 1 


taSR 
+-—)| JE trAH> 4tasc- |¢—J | tcaAH 


‘a hows 
Se Row RRM Column 8% 
«tus |etwii—> ¢twos| |¢—l tweu 


509 
S51 * aNeeee, Seas 
os ven ONIN 


ming, fotos ¢€ton> 
= hed ValidDin Kae 
pPatetes a : a 5 


CK 
Don't care 


Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 


¢ Read-Modify-Write Cycle 
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Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 


€ HITACHI 


Hitachi America, Ltd. « Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 1113 





HM534253A Series 
e Page Mode Read Cycle 
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Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534253A Series 
e Page Mode Write Cycle (Delayed Write) 
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Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 





e RAS Only Refresh Cycle 
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HM534253A Series 
¢ CAS Before RAS Refresh Cycle 
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HM534253A Series 
¢ Color Register Set Cycle (Early Write) 
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HM534253A Series 
¢ Color Register Read Cycle 
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Note: 
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e Page Mode Block Write Cycle 
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*1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 
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Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 
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HM534253A Series 
¢ Read Transfer Cycle (1) 
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0086-31 
Notes: *1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle and CAS falling 
edge of this cycle (QSF is switched by DT rising). 
*2. This QSF timing is referred when SC isn’t risen between the previous transfer cycle and CAS falling edge of this 
cycle (QSF is switched by RAS or CAS falling). 
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e Read Transfer Cycle (2) 
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HM534253A Series 
¢ Pseudo Transfer Cycle 
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HM534253A Series 
e Write Transfer Cycle 


tASR | ,tRAK ZASC ee 
|e] 4) Je nal 


ree nereA q SAM SLAC t LORIE CURR Na at NR Sat 
BERT Row | CBE RE ee Ra 
¢—> 
ox Sexoeseerseses oon Rie > PARR SS Rey 4 ecece ce SNe ox x SS RRR RS x eee 
Sees on sees See PEN SEER see 2°, ! . . oe RS: SRE WRENN 


a NRE K LR 


a 


CRE eee ARR eNectatet PERS SOS SS 


otatete® Ses 


RRR SEAN Ses ne AOS 


cose ieee OR 
see SO ogendsene Se are % ES Motors’ °,' gant Se END eae anos eeePa eo ece. 
oleresten Sa Maen: nt Sens Seana wesetespserctetesecensatecncesoseneseesse POSS Reon atone Pave 3 eens seen rar 


RELI ro ee 


[SIRT OR ORT SSRERTOT ORT 
eeneeee! se oes OO 
ESERIES Saas 


4—>| |4—t scc 
+tscp-dittsc >| i¢tscp—> 


SC NaS | nhibit Rising Transition SN 


51/0 Coenen 

(Ou tput) tsrs titsn aia! ra ou 
+ I 

a y 


/0 
1/0, vv ne ERS RN van HGEIN vrs 


4—tcon—> 


SAM Address MSB 


.Don't care 








@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 * (415) 589-8300 1123 








HM534253A Series 
¢ Split Read Transfer Cycle 
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0086-35 
Note: *1. If the next transfer cycle after read transfer cycle is split read transfer cycle, one or more access to SC are required 
between read transfer cycle and split read transfer cycle. 
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HM534253A Series 
e Serial Read Cycle 
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¢ Logic Operation Set/Reset Cycle 
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HITACHI 
1126 Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ® (415) 589-8300 





HM534253A Series 
¢ Logic Operation Mode Early Write Cycle 
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0086-40 
. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 





e Logic Operation Mode Delayed Write Cycle 
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0086-41 
. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM534253A Series 
e Logic Operation Mode Page Mode Write Cycle (Early Write) 
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0086-42 
Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 





e Logic Operation Mode Page Mode Write Cycle (Delayed Write) 
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0086-43 
When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 





@ HITACHI 
1128 Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HM534253A Series 





e Logic Operation Mode Read-Modify-Write Cycle 
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0086-44 
. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM538121 Series 


131,072 x 8-Bit Multiport CMOS Video Random Access Memory 


M@ DESCRIPTION 


The HM538121 is a 1-Mbit multiport video RAM equipped with a 128k-word x 
8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. It is suitable for a graphic processing 
buffer memory. 


m@ FEATURES 


¢ Multiport Organization 
Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 


e Access Time RAM .............00.0eees 100 ns/100 ns/120 ns/150 ns (max) 
SAM) 4 cenit eld oot da tanh ieees 30 ns/35 ns/40 ns/50 ns (max) 
e Cycle Time PRAM 05s Merida ee ewan 190 ns/190 ns/220 ns/260 ns (min) 
SAM: 24. cuteuwe bei ied ce padres 30 ns/40 ns/40 ns/60 ns (min) 

e Low Power 
Active FRI ere eel ean ea ey areca ect Sern i a aie veer ere ates 495 mW (max) 
DAM Scape nd Goat te Uitte eeg aehaiGeaeean 468 mW (max) 
SANDY: foes teat ars OE Resa eae oaatas oe VE aU es 40 mW (max) 


e High-Speed Page Mode Capability 
e¢ Mask Write Mode Capability 
¢ Bidirectional Data Transfer Cycle between RAM and SAM Capability 
e Real Time Read Transfer Capability 
e 3 Variations of Refresh (8 ms/512 Cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
¢ TTL Compatible 


M@ ORDERING INFORMATION 


Access Time 


RAM SAM 













Part No. Package 






HM538121JP-10 
HM538121JP-11 
HM538121JP-12 
HM538121JP-15 


400 mil 
40-pin 

Plastic SOJ 
(CP-40D) 







m@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ag Address Inputs 
I/O9-1/07 RAM Port Data Inputs/Outputs 
SI/Oo-SI/O7 SAM Port Data Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SC Serial Clock 
SE SAM Port Enable 
Vcc Power Supply 
Vss Ground 
NC Non Connection 

© HITACHI 
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m@ BLOCK DIAGRAM 





m@ PIN FUNCTION 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those signals determine the operation cy- 
cle of the HM538121. 


e Table 1. Operation Cycles of the HM538121 


Input Level at the — 
Falling Edge of RAS Operation Cycle 
H RAM Read/Write 
H | LL | AH |] x | Read Transfer 
H | Lt of L { | Pseudo Transfer 
H Write Transfer 
L CBR Refresh 


Note: X: Don’t care. 


CAS (input pin): Column address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 


Ao-Ag (input pins): Row address is determined by Ag—Ag 
level at the falling edge of RAS. Column address is deter- 
mined by Ap—A7 level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 


WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538121 turns to mask write mode. According to 
the I/O level at the time, write on each I/O can be masked. 
(WE level at the falling edge of RAS is don’t care in read 


HM538121 Series 


tw 
9 
od 
a 
- 
at 
° 
a 
— 
Pod 
oa 
> 
= 
og 


cycle.) When WE is high at the falling edge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 


1/O9-1!/O7 (input/output pins): |/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high !/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 


SI/Op-SI/O7 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
S|I/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 
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M@ OPERATION OF HM538121 
e Operation of RAM Port 


RAM Read Cycle (DT/OE high, CAS high, at the falling 
edge of RAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data is output 
through I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (ta) 
and RAS to column address delay time (taap) specifications 
are added to enable high-speed page mode. 


RAM Write Cycle (Early Write, Delayed Write, Read- 
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 


¢ Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after RAS is set low, a 
write cycle is executed and I/O data is written at the select- 
ed addresses. When all 8 |/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

lf WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and |/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE in high. 

lf WE is set low after towp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables write after read to execute in the same ad- 
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 


¢ Mask Write Mode (WE low at the falling edge of RAS) 


lf WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed |/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high 1/O pins and masked in low ones and inter- 
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 


High-Speed Page Mode Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time (taa), RAS to column ad- 
dress delay time (trap), and access time from CAS pre- 
charge (tacp) are added. In one RAS cycle, 256-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within trasp max 
(100 ps). 


e Transfer Operation 


HM538121 provides the read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer cy- 
cles. These transfer cycles are set by driving DT/OE low at 
the falling edge of RAS. 


They have the following functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 
RAM — SAM 
(b) Write transfer cycle: RAM <— SAM 
(3) Determine input or output of SAM I/O pin (SI/O) 


(a) Read transfer cycle: 


Read transfer cycle: S!I/O output 
Pseudo transfer cycle, 
write transfer cycle: SI/O input 


(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. 


Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 


This cycle becomes read transfer cycle by setting DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (256 x 8-bit) determined by this cycle is trans- 
ferred synchronously at the rising of DT/OE. After the rising 
edge of DT/OE, the new address data outputs from SAM 
start address decided by column address. 

This cycle can execute SAM access serially even during 
transfer (real time read transfer). In this case, the timing 
tspp (min) is specified between the last SAM access before 
transfer and DT/OE rising edge, and tspy (min) between the 
first SAM access and DT/OE rising edge (see Figure 1). 

If read transfer cycle is executed, SI/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and SI/O is in input 
state, uncertain data is output after tayz (min) after the RAS 
falling edge. Before that, input should be set high imped- 
ance to avoid data contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching SI/O from 
output state to input state because data in RAM isn’t rewrit- 
ten. This cycle starts when CAS is high, DT/OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in SI/O becomes high impedance within tsaz (max) 
from the RAS falling edge. Data should be input to SI/O lat- 
er than tsip (min) to avoid data contention. SAM access be- 
comes enabled after tsrp (min) after RAS becomes high. In 
this cycle, SAM access is inhibited during RAS low, there- 
fore, SC should not be raised. 


Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tspp (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 
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SAM Data-After Teransfer 


Figure 1. Real Time Read Transfer 


¢ SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. If SE is set 
high SI/O becomes high impedance and internal pointer is 
incremented at the SC rising edge. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/O 
data isn’t input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can 
mask data for SAM. 


e Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 


refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 


RAS Only Refresh Cycle: RAS only refresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address ( = refresh address) from ex- 
ternal circuits. To distinguish this cycle from data transfer cy- 
cle, DT/OE should be high at the falling edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im- 
pedance and power dissipation is lowered because CAS cir- 
cuits don’t operate. 


Hidden Refresh Cycle: Hidden refresh cycle performs re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don’t require refresh. 
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HM538121 Series 
m@ ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage —0.5to + 7.0 LY 1 
Operating Temperature 
Storage Temperature i ae 


Note: 1. Relative to Vgs. 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Input High Voltage 


Notes: 1. All voltages referenced to Vss. 
2. —3.0V for pulse width < 10 ns. 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Vcc = 5V +10%, Vss = OV) 


Symb Min | sc M538121-11 H 121-1 M538121-15 
Parameter O |_-HM538121-10 | M538121-12 | H 


CCl 


Test Conditions 


Note 
RAM Port SAM Port 


nit 





Current CC9 


ee Pa a eae eee SE 
se [oe [oe | — [oe — [ml 
ree 2a ee eee SE = Vw SC = Viz 
et fe [fe [= ro 
Bas Only, (loess 0 eS = Vine SC = Vit 
erres 

== [= 


CC4 


Page Mode pat 
Sit” eon [= | 


CAS Cycling |SE = Vin, SC = Vit 


RAS = ViL|SE = Vy, SC Cycling] ! 
tscc = Min 


CAS Before [locs | — | 80 | — | 80 _ | 60 | SE = Vin, SC = Vin 
RAS Refresh SE _ Vv ; SC Cyclin 1 
ese ee eae 


— 
—_ 
oS 


oO 
3 3 3 5 3 3 3 cS 
5 EIS [B/ & [B| B [8] 3 [B| 2 [| £ 
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re) tr 
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SE = Vip, SC = Vin 


SE = Vy, SC Cycling} ! 
tscc = Min 


Data CC6 


heed Ea es 
Transfer 
Se fen] [| -[=[- [| — 


Input Leakage 
Current 


o 
zee |e» [| » [|| © fn 
IE 





pom am! pow — bd b= bd Laan! hd bd — pase — 
Co Q 
= CQ 
~ 
EB 


Output High oe wee 
es pow fe [ [ee] [fff ao 
Output Low = 
Voltage vou | — | 04 | — | 04 | — | 04] — | on | ‘ canal si 


Notes: 1. I¢c¢ depends on output loading condition when the device is selected. Icc¢ max is specified at the output open condition 
(iyo = Isiyo = 0 mA). ee 
2. Address can be changed less than three times in one RAS cycle. 
. Address can be changed once or less while CAS = Vyq. 
4. Address must be fixed. 





Lve) 
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HM538121 Series 
e Capacitance (Ta = 25°C, Vcc = 5V, f = 1 MHz, Bias: Clock, |1/O = Voc, Address = Vss) 


Parameter Min Typ Max Unit 
vosvo | ao | — | — | 7 | _»F 


e AC Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV)1. 11 


Test Conditions 


Input Rise and Fall Time ............... 0.2... eee 5 ns 
OUDUE LOaGi ss secs ns teh on nes tees eeous See Figures 
Input Timing Reference Levels ............... 0.8V, 2.4V 
Output Timing Reference Levels ............. 0.4V, 2.4V 


Output Load (A) Output Load (B 


Ioy=- 2mA +5. V Ion=- 2A +5 V 


Ipp=4. 2mA : Top=4.2nA 
,  aeemnneiannene ee 
| wt v 





0087-4 


Note: 1. Including Scope and Jig. 





p ; Symbol HM538121-10 HM538121-11 HM538121-12 HM538121-15 ae ay 
arameter modo nl ote 


Random Read or 
RAS Precharge t 
Time RP 


RAS Pulse Width 
CAS Pulse Width 


tRAS 
Row Address t 
Setup Time ASR 
Row Address t 15 
Hold Time RAH 
Column Address t 
Setup Time ASC 
Column Address 
RAS to CAS 


CASHold Time | tose ae 
oe 
re-charge Time 

[| trer | 


an 
nN 


oo 


Transition Time 


Refresh Period | trer | — | 8 | — | 8 | — | 
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HM538121 Series 
Common Parameters (continued) 


Re, HM538121-10 HM538121-11 HM538121-12 HMS538121-15 - 
arameter ymbo ni ote 
_ | Min | Max | Min | Max | Min | Max | Min | Max | 
DT to RAS t 
Setup Time DTS 
DT to RAS 
Data-in to OE : 
Delay Time DZO 
Data-in to CAS t 
Delay Time DZC 
Read Cycle (RAM), Page Mode Read Cycle 
sone HM538121-10 HMS538121-11 HM538121-12 HM538121-15 ss, 
arameter ymbo ni ote 
| Min | Max | Min | Max | Min | Max | Min | Max _ 
Access Time 
mr [= t-[e[-[e|-[=|-[#[-[s 
Access Time 
Access Time 
Address 
me fe |-let-f«|-l*|-l=le 
Output Buffer 
Turn-off Delay tOFF1 25 25 30 40 7 
Referenced to CAS 
Output Buffer 
Turn-off Delay _ toFF2 25 25 30 40 7 
Referenced to OE 
Read Command t 
Setup Time RCS 
Read Command t = 12 
Hold Time RCH 
Read Command Hold 
Time Referenced tRRH 10 10 10 12 
to RAS 
RAS to Column 
evar (e|»[* = *l=l*|=|°[-|s 
Page Mode 
CAS Precharge 
ors oe | o | - |» | -|s | - |» | - [= 
Access Time from 
Sram” [ver | - | © | - | » | - | @ | - | os [a 
RAS Pulse Width 
= 
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HM538121 Series 
Write Cycle (RAM), Page Mode Write Cycle 


ences ee HM538121-10 HMS538121-11 HM538121-12 HM538121-15 roe ee 
arameter moo nl 
v | Min [Max [Min [Max 


Write Command t 

Setup Time WCS 

Write Command t 25 
Hold Time WCH 

Write Command t 15 
Pulse Width WP 

Write Command to t 30 
RAS Lead Time RWL 


Write Command to 
CAS Lead Time 


Data-in t 
Setup Time DS 
Data-in 


ot 
Q 
aye 
Ce 
fe 
Oo 


WE to RAS ; 
Setup Time ws 
WE to RAS 
Hold Time ‘WH po | - | w 
Mask Data to t 
RAS Setup Time MS 
Mask Data to 
OE Hold Time 
Page Mode 
CAS Precharge 
RAS Pulse Width 
in Page Mode su | or | 100 | isi wre p10 | ns | 
Read-Modify-Write Cycle 
ae HMS538121-10 HM538121-11 HMS538121-12 HM538121-15 — 
arameter ymbodo nt ote 
Min 


a 
Gaerne’ [owe | as | — | | — | a | - |e | - | 
CAS to WE Delay 


oe Ss fe wo | 
eee p-j[e#]|-|*}|-|]- [=] > 
Daaytine” [tooo | | — | | — | » | -[ # | - [= 
commas” [tse | — | | — | mo | ~ [om | - [wo | 
tmens” —fteac | — | » | — | » | - | 3 | - | # | 
tenor” fac | ~ | » | - | » | -~ | s | - | «| =| : 
sro [a | ~ | # | ~ | # | -~ | s | - | ots 


N 


3 


ww 
“ 


5 





Ww 


6 
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HM538121 Series 
Read-Modify-Write Cycle (continued) 


WE to RAS : _ 
Hold Time WH 

Mask Data to : 

RAS Setup Time MS 

Mask Data to ; ‘a 
RAS Hold Time MH 

OE Hold Time _ 

Referenced to WE OEH 


Refresh Cycle 


7 ; Pee | HM538121-10 | | HMS538121-11 | | HM538121-12 | | HM538121-15 | toil aes 

arameter mbo. ni ote 
| Min [Max | Min [Max | Min [Max | Min [Max | 

RAS to Column 

Address Delay ae p>] s fo] is |» | os | os |» | w| ia 

Output Buffer 

Turn-off Delay _ tOFF2 25 25 30 

Referenced to OE 

Read Command t 

Setup Time RCS 

Write Command to 

RAS Lead Time fmm | » | - | » | - | s | - | | - |» 

Write Command to 

Cmresrae [em | > | - | » | - |» | - | @ | - |» 

Write Command 

Pulse Width twp ps | =] os | - |» | - | se | - | 

Data-in 

Data-in 

Hold Time ‘DH ps | - |» | - | se | - |» | - [ow = 

WE to RAS : 

Setup Time WS 


Parameter Symbol 


HM538121-10 HM538121-11 HM538121-12 HM538121-15 ak Not 
ni ote 
0 


CAS Setup Time 

(CAS Before tCSR 

RAS Refresh) 

CAS Hold Time 

(CAS Before tCHR 2 20 
RAS Refresh) 

safe [> [- [ 


CAS Hold Time 


Q 


Transfer Cycle 


HM538121-10 HM538121-11 HM538121-12 HM538121-15 


Parameter Symbol Unit Note 
Cs ee ee Se Ae ee eee 
WE to RAS i 
Setup Time WSs 
WE to RAS 
Hold Time jw | os f - fos f - fos f - |» | - | w 
SE to RAS ‘ 
Setup Time ES 
SE to RAS 
em fe [» [-[*|[-[*|[-[e[-i- 
RAS to SC 
Delay Time tse | 3 | - | » | - | » | - |» | - |» 
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HM538121 Series 


Transfer Cycle (continued) 


: HM538121-10 HMS538121-11 HM538121-12 HMS38I215 | | 
as a ee eee 
Min 
SC to RAS ‘ 
Setup Time SRS 
DT Hold Time : 
from RAS RDH 
DT Hold Time ; 
from CAS CDH 
Last SC to t 
DT Delay Time SDD 
First SC to t 
DT Hold Time SDH 
DT to RAS ; 
Lead Time DIL 
DT Hold Time 
Referenced to tpTHH 
RAS High 
DT Precharge Time a ln eo eg 
Serial Data Input t 
Delay Time from RAS | SID 
Serial Data Input 10 
to RAS Delay Time 
Serial Output 
Buffer Turn-off tsRZ 75 7 
Delay from RAS 
RAS to Soy (Low-Z) 
Delay Time 'RLZ 
Serial Clock t 
Cycle Time ane 
Serial Clock t 13 
Cycle Time eee 
Access Time 
4 
from SC f= [== [=t= [= fetta t= 
Serial Data-out t 4 
Hold Time SOH 
SC Pulse Width a a 
SC Precharge Width | tsp | 10 | — | 10 | — | 1 | — | 1 | — | os | 
Serial Data-in t 
Setup Time SIS 
Serial Data-in t 
Hold Time SIH 
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HM538121 Series 
Serial Read Cycle 


Serial Clock Cycle Time | tscc 
Access Time from SC tsca 


Access Time from SE tsEA fee 4 aoSe *) 


Parameter Symbol 


HM538121-10 HM538121-11 HM538121-12 HM538121-15 


Unit | Note 


F 
=) 
< 


0 


WGN 


0 


Ww 

« 
oo 

p 
a) 


~l 
Bll 


| Max 
| = | ms | 
| 50 | ns | 4 
| 40 | ws | 4 
Serial Data-out 
Hold Time 'SOH f t : 
Serial O 
ae oeoeoeoe 
Delay from SE 
Serial Write Cycle 
ga fe [> [=f -Te [po 
Cycle Time SCC 


SC Precharge Width | tscp 


Serial Data-in 


— 
. 

ph 
: 

— 


mud 
b— 
Mn 
— 
ele 
nN 
jefe 
tN 
ele 
tn 


Setup Time Loy 
Serial Data-in ' 3 
Hold Time SIH 
Serial Write F 
Enable Setup Time SWS 
Serial Write 
Serial Write Dis- t 
able Setup Time Swe 
Serial Write Dis- 
Notes: 1. AC measurements assume ty = 5 ns. 


1140 


23 


OoOnNA MN BB WLW 


Assumes that tpcp S trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
. When trcp 2 trcp (max) and trap $ 

. When trcp s trcp (max) and trap 2 trap (max), access time is specified by ta a. 

. torr (max) is defined as the time at which the output achieves the open circuit condition (Voy — 200 mV, Voz, + 200 mV). 
. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Transition times are measured between 


tRAD (max), access time is specified by tcac. 


Vin and Vyz. 


. When twcs 2 twos (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 


condition. When tawp 2 tawp (min) and tcwp 2 tcwp (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped- 
ance on I/O pins is controlled by OE. 


. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or a read- 


modify-write cycles. 


. After power-up, pause for 100 ps or more and execute at least 8 initialization cycles (normal memory cycles or refresh 


cycles), then start operation. 


. If either troy or trey is satisfied, operation is guaranteed. 

. tcc? is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 

. When I/O or SI/O is in the output state, data input signals must not be applied to I/O or SI/O. 

. When SE is low after power on, SI/O is in the output state. Data input signals must not be applied to SI/O in this time. 

. When CAS and DT/OE are both low after power on, it is possible that I/O is in the output state. Data input signals must 


not be applied to I/O in this time. 
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HM538121 Series 


@ TIMING WAVEFORMS 
¢ Read Cycle 


— 
COLUMN ea. [ [ [ | | 
a OTT 


tOFF I 
1/0 
(OUTPUT) VALID 
tDZC 


ain a 
sa Tt om MELT] 


VZA; don't care 





¢ Early Write Cycle 


tRC 
tRAS 


tCSH 


CAS 


1/0 
(INPUT) 


1/0 HIGH-Z 
(OUTPUT) 





tDTS 


UZA; Don't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series 
¢ Delayed Write Cycle 


tRSH 


Sh 


‘et————7 


ee LLU ae 


eS CT 


tDS tDil 


carom ‘a A vu Wf PPP / 


1/0 HIGH-Z 
(INPUT) 


YZ; Don't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


e Read-Modify-Write Cycle 


caNPUD HT} =) i el leap (Fegre eee, 


1/0 eat | a i 


ae ais ol ell LLL L/L 


; Don't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series 
e Page Mode Read Cycle 


thsi} ————_—_- — 
1 CCAS ay ae CUP 


LRAU tASC 


= og 


LASR UR Au usd *LASC LCAIt 


nov COLUMN EL ELELLE 
“Tl os 


Ee TTT 
URCS 


ve 
—<tRAC “a 


1/0 ‘A VALID } TNT \ 
(OUTPUT) Dout Dout 


1/0 
(INPUT) 2020 
wis ob tOAC tOFF2 tDZ0 pore | sn 


WO! MT re 


VZA ; Don't care 





¢ Page Mode Write Cycle (Early Write) 


tCAS 


tCAH tASC tt Call . 


ay ease fea 
nT ee ee TT ee ee 


uw =| tWCS = tWCH HWCHt 


a UN + WAN at wi en i ee ET: 


4S lr OP 
aver /| Wo a ne CCT 


1/0 HIGH-Z 
(OUTPUT) 
LOTS cDTH 


se Dt NOOO 





VZA; Non't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series 
e Page Mode Write Cycle (Delayed Write) 


CAS N y 
tasr if 7 
nels ary i 


) a LLL RLLLLLL LS Na 


4 
XT WITT. WITT IIT 


‘us | tou 
et 
ower) DR DT LL KL LLL BER LLLLLLLLLLLLLILLALLLLL. 


1/0 
(OUTPUT) 


tots 


toEH 
ne 77} VL. 
[ZZ] ; Don't care 





0087~ 
Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


¢ RAS Only Refresh Cycle 


2 


High-Z 


UZ; Don't care 
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HM538121 Series 
e CAS Before RAS Refresh Cycle 


asst! TTI 


 LILLLLLLLLLLLLLLLLLLLLLLLL: 


met) LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL_ 


1/0 HIGH—Z 
(OUTPUT) ~ _ 





WS LTT EET. 
[ZZ] ; Don't care aoe 
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HM538121 Series 
¢ Hidden Refresh Cycle 


n° a tRSH 


] tRAD 1 
| i \ | 
tASR || tRAH 
‘ASC scat | 


Address Row COLUMN Ree eeeerter’, 


tRCS tRRH 


Peehee, Bi 


i 
tAA 


i era 
(OUTPUT) VALID DATA OUT 
tDTS tRAC 
on DL tcAc 


Eadie 
me J} ALL 


tDZ0 


aNeuT) [ | Lh 


tDZC 


UZA; Don't care 
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HM538121 Series 
¢ Read Transfer Cycle (1) 1, 2 


tRCD 


taSR tRAM 


tASC _}| tCAH | 
4 | 
AGuress Hi 

Laer (a 


1/0 


(OUTPUT) _ tCDH 


1/0 
(INPUT) 


tDTHH 
tDIS 


me !/\ ecmerrsonenas 2 ET | 


tSCC tSDD tSD 
tSCC2—1—_-» 


SC tsc—} 


tSOll 


S1/0 A VALID UL VALID Gee VALID Grea VALID GFF 
(OUTPUT) Sout IN. Sout Sout Sout 
Previous Rov New Row 


SI/0 HIGH-Z 
(INPUT) 
YZ4; Don't care 


0087-16 





Notes: 1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM538121 Series 
¢ Read Transfer Cycle (2) 1, 2 


tRCD 


LASR | 


ie tASC case |? =ChH 
ee i ne 


*CSH 


saan [ mM TH 


High-Z 


tWH 


eee 
TTT 

« EAT JF 
ee, TTT eit 


SI/0- 
(INPUT) 


UZA; pon't care 
ry; Inhibit rising transient 





Notes: 1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM538121 Series 
e Pseudo Transfer Cycle 


a 


tRSH tCRP 
1 ¢tCAS ———____ 


CAS taSR Mc _ | I 
| Ci! 1. 
Address = ae WL a / TTT, eee eee. / 


SS ed 


i [| LETTPITTTTTTTTT 


ae 


‘Como 
se, LE rom 
es as 


1/0 3; Don't care 
VZA; pon't care 


KX; Inhibit rising transient 


0087-18 
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HM538121 Series 


e Write Transfer Cycle 


tASR tRAH | tASC 


Address = Sie STi i" Ea / , : / i i i / / Hi / 
. i TEE TTT (ITTTTTTTITATTLITTT TITTY 


se PTT TTT 


s WT 


: Barf UULUNI oe oe 


aeun Asin KPI TITEL ILE sin MET TK sis 


SI/0 HIGH-Z | 
(OUTPUT) 


CZA, Don't care 
KXXN; Inhibit rising transient 
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HM538121 Series 


e Serial Read Cycle 


onits XD S28 UM, © 
(n-1) (n+1) (n+2) 


tsca tsca 
tsez 


(721 ; Don't care 





Note: 1. Address 0 is accessed next to address 255. 


© Serial Write Cycle 


r \ 
1 N 
tswis . tswik 


tsec towH tsws 


tscc 
tscp tsop 
\ 


amar 


ts 
(n-2) 


cwevr) sun X/// DP ne ee nee 


tsis 
72] ; Don't care 


0087-21 





Note: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address 0 is accessed next to address 255. 
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HM538121A Series 


262,144-Word x 4-Bit Multiport CMOS Video RAM 


M@ DESCRIPTION 


The HM538121A is a 1-Mbit multiport video RAM 
equipped with a 128k-word x 8-bit dynamic RAM and a 
256-word x 8-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has write mask 
function. ‘ 


M@ FEATURES 


e Multiport Organization 
Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 
RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 


e Access Time RAM ...............05- 80 ns/100 ns (max) 
SAME aie 2. Sokecnd. a eoeeeaves 25 ns/25 ns (max) 
e Cycle Time RAM.................. 150 ns/190 ns (min) 
SAW catia se wsa suites 30 ns/30 ns (min) 

e Low Power 
ACtIVE: RAM ies cs osn eas eine aaie inate 360 mW (max) 
SAM etre Soe etek cred ae 280 mW (max) 
SIANAD YG occaste iP etaaaentteoew ene 38.5 mW (max) 


e High-Speed Page Mode Capability 

e Mask Write Mode Capability 

e Bidirectional Data Transfer Cycle between RAM and 
SAM Capability 


e Real Time Read Transfer Cycle Capability 
e 3 Variations of Refresh (8 ms/512 cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e TTL Compatible 


M@ ORDERING INFORMATION 


Access Time 


80 ns 
100 ns 










Package 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 
475 mil 40-pin 
Plastic ZIP 
(ZP-40) 







HM538121AJ-8 
HM538121AJ-10 
















HM538121AZ-8 
HM538121AZ-10 


80 ns 
100 ns 


m@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ag Address Inputs 
I/Oo-1/07 RAM Port Data Inputs/Outputs 
SI/Og-SI/O7 SAM Port Data Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SC Serial Clock 
SE SAM Port Enable 
Vcc Power Supply 
Vsg Ground 
NC No Connection 





Preliminary 


HM538121AJ Series 


3DCP40D 


3DZP40 





@ PIN OUT 


yoo 
yo1 
vo2 
OS 
Voc 
WE 
NC 
RAS 
NC 
48 
6 
5 
AA 


VBBRRVSYVBBBLSRBRLRKBSRBS 


vOo3 
WE 
RAS 
A8 
AS 
Voc 
B& 
Al 
NC 
NC 
Vss 


< 
8 





(Top View) (Bottom View) 
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HM538121A Series 
@ BLOCK DIAGRAM 


A0~A8 


A0~A7 JF JA0~A8 
Column Address Row Address Refresh 
Buffer Buffer __Counter 


Serial Address 
Counter 




















Row Decoder 

















wn 

5 

a Memory Array @ 
hi. O ‘G 
@ ~ 
lls eg 3 | oO 
is & oy fea) OQ 
@ — Cc 
Oo 2 0.2 = £ 
|= ae | |s| 2 
E Q Oo 
ro) << “1s 
U w < 

c ve) 

@ 

wn 





Serial Output | Serial Input 
Buffer Buffer 


SI/00~SI/07 


input Data 
Control 





Mask 
Register 





Timing Generator 


Input Output 
Buffer Buffer 





I/00~1I/07 
Rak Eis & be 
0088-3 
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HM538121A Series 


m@ PIN FUNCTIONS 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
the HM538121A. 


e Table 1. Operation Cycles of the HM538121A 
et cathe at nls oo — of RAS 


— Operation Mode 


xX CBR Refresh 


oom peo ee oo ee 


Note: X: Don’t care. 


CAS (input pin): Column address is fetched into chip at the 
falling edge of CAS. CAS controls output impedance of I/O 
in RAM. 


Ao—Ag (input pins): Row address (AXg—AXg), is determined 
by Ao-Ag level at the falling edge of RAS. Column (AYo- 
AY7) address is determined by Ap—Ag level at the falling 
edge of CAS. In transfer cycles, row address is the address 
on the word line which transfers data with SAM data regis- 
ter, and column address is the SAM start address after 
transfer. 


WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538121A turns to mask write mode. According 
to the I/O level at the time, write on each I/O can be 
masked. (WE level at the falling edge of RAS is don’t care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 


1/O9-!/O3 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 


SI/O9~SI/O7 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SI/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 


M@ OPERATION OF HM538121A 


e RAM Read Cycle (DT/OE high and CAS high at the fall- 
ing edge of RAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data outputs 3 through 
I/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (taa) and RAS 
to column address delay time (trap) specifications are add- 
ed to enable high-speed page mode. 


¢ RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) (OT/OE high and CAS high at the fall- 
ing edge of RAS) 


e Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after driving RAS low, a 
write cycle is executed and |/O data is written in the select- 
ed addresses. When all 8 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

if WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes in high im- 
pedance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

If WE is set low after tcwp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables read/write at the same address in one cy- 
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 


e Mask Write Mode (WE low at the falling edge of RAS) 


If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high 1/O pins and masked in low ones and inter- 
nal data is retained. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is retained during the page access. 
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e High-Speed Page Mode Cycle (DT/OE high and CAS 
high at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle. Note that address access time (taa), RAS to column 
address delay time (trap), and access time from CAS pre- 
charge (tacp) are added. In one RAS cycle, 256-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within trasp max 
(100 ys). 


e Transfer Operation 


The HM538121A provides the read transfer cycle, pseudo 
transfer cycle and write transfer cycle as data transfer cy- 
cles. These transfer cycles are set by driving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle). 


Read transfer cycle: RAM to SAM 

Write transfer cycle: SAM to RAM 
(2) Determine SI/O state 

Read transfer cycle: SI/O output 


Pseudo transfer cycle and write transfer cycle: SI/O 
input 


(3) Determine first SAM address to access after transferring 
at column address (SAM start address). 


SAM start address must be determined by read trans- 
fer cycle or pseudo transfer cycle after power on, and 
determined for each transfer cycle. 


e Read Transfer Cycle (CAS high, DT/OE low and WE 
high at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (256 x 8-bit) determined by this cycle is trans- 
ferred to SAM data register synchronously at the rising edge 


SAM Data before Transfer 





HM538121A Series 


of DT/OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by column 
address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tspp (min) speci- 
fied between the last SAM access before transfer and 
DT/OE rising edge and tspy (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 1.) 

When read transfer cycle is executed, SI/O becomes out- 
put state by first SAM access. Input must be set high imped- 
ance before tszs (min) of the first SAM access to avoid data 
contention. 


e¢ Pseudo Transfer Cycle (CAS high, DT/OE low, WE low 
and SE high at the falling edge of RAS) 


Pseudo transfer cycle switches SI/O to input state and 
set SAM start address without data transfer to RAM. 

This cycle starts when CAS is high, DT/OE low, WE low 
and SE high at the falling edge of RAS. Data should be in- 
put to SI/O later than tsip (min) after RAS becomes low to 
avoid data contention. SAM access becomes enabled after 
tspp (min) after RAS becomes high. In this cycle, SAM ac- 
cess is inhibited during RAS low, therefore, SC must not be 
risen. 


e Write Transfer Cycle (CAS high, DT/OE low, WE low 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tsap (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. 

Data transferred to SAM by read transfer cycle can be 
written to other address of RAM by write transfer cycle. 
However, the address to write data must be the same MSB 
of row address (AX8) as that of the read transfer cycle. 


SAM Data after Transfer 


Figure 1. Real Time Read Transfer 
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HM538121A Series 


¢ SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. When SE is 
set high, SI/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 255), the internal pointer indicates ad- 
dress 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, SI/O data 
isn’t fetched into data register. Internal pointer is increment- 
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 255), the 
internal pointer indicates address 0 at the next access. 


e Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is executed by accessing all 
512 row addresses within 8 ms. There are three refresh cy- 


M@ ABSOLUTE MAXIMUM RATINGS 


Parameter 
Terminal Voltage | Vp 
Power Supply Voltage | Vee 
Power Dissipation oS 
Operating Temperature 
Storage Temperature T stg 


Note: 1. Relative to Vgs. 
M@ ELECTRICAL CHARACTERISTICS 


—10to + 7.0 


Value 
—0.5to + 7.0 


— 55 to + 125 


cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac- 
cessed within 8 ms. 


(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe- 
cuted by activating only RAS cycle with CAS fixed to high 
after inputting the row address (= refresh address) from ex- 
ternal circuits. To distinguish this cycle from data transfer cy- 
cle, DT/OE must be high at the falling edge of RAS. 


(2) CBR Refresh Cycle: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address need not 
to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered because 
CAS circuits don’t operate. 


(3) Hidden Refresh Cycle: Hidden refresh cycle executes 
CBR refresh with the data output by reactivating RAS when 
DT/OE and CAS keep low in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift register and selector), or- 
ganized as fully static circuitry, require no refresh. 


Unit Note 


Oto +70 


— 


e Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Input High Voltage = sal ae nee 
Input Low Voltage | VE —0.5 


Notes: 1. All voltages referenced to Vgg. 
2. —3.0V for pulse width 10 ns. 


NT uN 


Unit Note 


—" 


— 
NR 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 





HM538121A-8 HM538121A-10 Test Conditions 
Parameter Symbol : 
Min Max Min Max RAM Port SAM Port 
ey eee) ps | = 0ST mA | oRaScaS)|_SC = Vn SE = Vin 
aa Cycling SE = Vy, SC Cycling 
Icc7 115 100 mA trc = Min tscc = Min 


I 
Standby —— 


RAS Only Ioc3 
Refresh 
Current Icc9 


B 


3 CG 


ses 
ae pee! 
ses 





SC = Vy, SE = Vin 
SE = Vj,, SC Cycling 
tscc = Min 
SC = Vy, SE = Vin 
SE = VIL SC Cycling 
tscc = Min 





5 
> 


RAS Cycling 
CAS = V 
100 


3 
> 





tro = Min 
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¢ DC Electrical Characteristics (Ta, = 0 to + 70°C, Voc = 5V £10%, Vgg = OV) (continued) 











HM538121A Series 


: i ee, HM538121A-8 HM538121A-10 ek Test Conditions 
arameter mbo ni 
Current I RAS = Viz SE = Vjyr, SC Cycling 
C10 tpc = Min = Mj 
Cc PC tscc = Min 
RAS Refresh t = Mi SE = VIL SC Cycling 
Current loci RC in JIL 
tscc = Min 
Data fs = a a RAS, CAS SC = Vy, SE = Vin 
Transfer Cycling SE = Vj,, SC Cycling 
Current Iec12 tro = Min tscc = Min 
Input Leakage 
Current Ty] Peto Pete Ta 
Output Leakage 
Output High = 
Voltage Vou sa eseR CL 
Output Low 
Voltage hs p- |» | - | w |v a cae 
Note: 1. Ic¢ depends on output loading condition when the device is selected, Ic¢¢ max is specified at the output open condition. 
e Capacitance (Ta = 25°C, Vcc = 5V, f = 1 MHz, Bias: Clock, |1/O = Voc, Address = Vgs) 


e AC Electrical Characteristics (Ta = 0 to + 70°C, Vcc = 5V +10%, Vgg = OV)1, 16 
Test Conditions 


Input Rise and Fall Time 5 ns 
Output Load See figures 
Input Timing Reference Levels 0.8V, 2.4V 
Output Timing Reference Levels 0.4V, 2.4V 


Output Load (A) 
Tou? emA 


Output Load (B) 
I OH=~ 2mA 
oe 


To. =4 omA To.=4 .OmA 
<< rw 


SI/0 


100pF*! 


Note: 


*1. Including scope and jig. 
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HM538121A Series 


Common Parameter 


Unit Note 


HM538121A-8 HM538121A-10 
Parameter Symbol 
Random Read or Write Cycle Time trc 150 Le 190 


RAS Precharge Time trp 


F 
Q 


as 
n 


— 
S 
ws 


Column Address to RAS Lead Time tRAL | 40 


Column Address to CAS Lead Time 


Page Mode Cycle Time 
| tace | 


aN 

: 
as 
On 


oi) 
GT 


a ae 
a oe 
a a ee 
CAS Hold Time Referenced to RAS | tc =[ 8 | — | 100 Se ee ae 
a 
eam [ee [= TP b= Pel 
Read Cycle (RAM), Page Mode Read Cycle 
tale ee eT a 
Parameter Symbol Unit Note 
Min [Max 
gam [wm |» | — [» [- [Ts 
| 4 
a 
ae 
CAS Precharge Time ae ee ae ae 
Access Time from CAS Precharge tacp ae Rk ee ee 


5 


Page Mode RAS Pulse Width trasp | 80 | ~—_—:100000 100 
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HM538121A Series 
Write Cycle (RAM), Page Mode Write Cycle 


HMS538121A-8 HM538121A-10 


Parameter Symbol Unit Note 


ett eee 
Write Command Pulse Width twp ie ee, eee ee ee ee 
WE to RAS Setup Time ws | oo | —~ | oo | ~ | oins 
CAS Precharge Time ee ee eee ee ee 


Read-Modify-Write Cycle 


HM538121A-8 HM538121A-10 


Parameter Symbol Unit * Note 


Read-Modify-Write Cycle Time trwc 250 


RAS Pulse Width 
(Read-Modify-Write Cycle) 130 10000 160 


: 
an ~~ 2 < 


Column Address to WE Delay Time tAwD 


wn 


14 
14 


~~ 
3 
17) 


OE to Data-in Delay Time ae et ae 2 12 
Access Time from RAS trac =| — | 8 | 6,7 
Access Time from CAS oe 10. | 25 7,8 


Access Time from OE 9 


Address Access Time 7,9 


RAS to Column Address Delay Time 


Read Command Setup Time | tres =| lO 
| Rw 
| tps | 


mn 


Write Command to RAS Lead Time tRWL 
Write Command to CAS Lead Time 
Write Command Pulse Width WP 
Data-in Setup Time tps a 
Data-in Hold Time ‘pH 


OE Hold Time Referenced to WE toRH 


NO ie) 
lan) 
— | 
mth 


N 
ws 


N 
; 
o}lun So mith] a 
Nn 
~! 





Refresh Cycle 
HM538121A-8 HM538121A-10 
Parameter Symbol M Unit Note 
ax 


a | Min | Max | Min 
CAS Setup Time : - 
(CAS Before RAS Refresh Cycle) CSR 
CAS Hold Time ' is : 
(CAS Before RAS Refresh Cycle) CHR 
[oe ees eee ee 


RAS Precharge to CAS Hold Time 
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HM538121A Series 
Read Transfer Cycle 


ae ss 
[Min [Max | Ma [Max 
DT Hold Time Referenced to RAS | trp | 7 | 1000 || 90 | 10000 | 
DT Hold Time Referenced to CAS | tpn | 20 | ss 
DT Hold Time Referenced to Column Address | tape | 30 | UCU] fs 
DT Precharge Time Lore 2. ee ee 
DT to RAS Delay Time LS ee a ee ee ee 
SC to RAS Setup Time | tees | 30 | — | 3% | ~ | ms | 
Ist SC to RAS Hold Time [tee | 8 | —~ | os | —~ | om | 
Ist SC to CAS Hold Time fice | 3 | — {| 3 | — | » | 
Ist SC to Column Address Hold Time | tan | 30 | — | 55 | — | os | 
Last SC to DT Delay Time [top | 5 | — | 5s | ~ | » | 
ist SC to DT Hold Time oS ae ee a ee ee 
Serial Data-in to Ist SC Delay Time he wee he eae SS 
Serial Clock Cycle Time [otsees 3) 9 | 
SC Pulse Width ae a ee ae ee oe 
SC Precharge Time ae ee ee ee 
Serial Data-out Hold Time a a RE Ss A 
Serial Data-in Setup Time ptss | o | ~ | o | ~ J os | 
Serial Data-in Hold Time Pisa {| i [| — {| 2% | ~ | mo | 
RAS to Column Address Delay Time | trap | 1 [| 4 | 20 | 55 | ms | 
Column Address to RAS Lead Time | tran =|) 400Cd|lClUCU Cf 
DT High Hold Time to RAS Precharge | wren | 25 | — | 30 | Os 


Pseudo Transfer Cycle, Write Transfer Cycle 


Teno [owe | oe | oe | oe | 2 | = 


@ HITACHI 
1160 Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HM538121A Series 
Serial Read Cycle, Serial Write Cycle 


[in Max) Min Max 
aimee [= [- |» [-[» T-[ 


Notes: 1. AC measurements assume tr = 5 ns. 

2. When trcp > trcp (max) or trap > trap (max), access time is specified by tcac or tga. 

3. Vi (min) and Vy; (max) are reference levels for measuring timing of input signals. Transition time ty is measured between 

Vig and Vq,. 

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 

cycle, either tp7c (min) or tpzo (min) must be satisfied. 

5. torr, (max), topF2 (max) and tsp7, (max) are defined as the time at which the output achieves the open circuit condition 

(Von — 200 mV, Voy + 200 mV). 

6. Assume that tpcp > trcp (max) and trap > trap (max). If trpcp or trap is greater than the maximum recommended 

value shown in this table, trac exceeds the value shown. 

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

8. When trcp > trcp (max) and trap > trap (max), access time is specified by tcac. 

9. When trcp > trcp (max) and trap > trap (max), access time is specified by ta a. 

0. If either troy of trey is satisfied, operation is guaranteed. 

1. When twcs > twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. 

12. These parameters are specified by the later falling edge of CAS or WE. 

13. Either tcpp (min) or topp (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 
applying data to the device when output buffer is on. 

14. When tawp > tawp (min) and tcwp > tcwp (min) in read-modify-write cycle, the data of the selected address outputs to 
an I/O pin and input data is written into the selected address. topp (min) must be satisfied because output buffer must be 
turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

16. After power-up, pause for 100 xs or more and execute at least 8 initialization cycles (normal memory cycle or refresh cycle), 
then start operation. 
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HM538121A Series 


m@ TIMING WAVEFORMS 
e Read Cycle 


PN oerur- ar or oes aamemmmanemen menentiien oe Neen 
Oo a 


aS F 
+tasc-H | A 
: coueee ot Stn) 4) Late a "ay eo peaeeea reree 
sa Column es eget eay 


7 ERCH 


Mnesesccteesesonttahe 
~ 


Valid Dout 
eat 


seeeceesesere 


tors tOTH 


4:Don't care 


tCAH 


Ese ISRCTN SSIS 
eo ieceresereneeeessrroreetearte 


RRR IRS ARAB TREE ES TEREST TSTE SOR 
Eeennau mann maar 


xx 


tos) Kton> 





Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538121A Series 





¢ Delayed Write Cycle 


CAS 


tasR 
fe tHtean-> 
Px) 


Address Row 


Ser Column 16 


twH 


Beet Mask Data Hee eM Valid Di 


r 
aor oes 


tots toTH 





Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 


¢ Read-Modify-Write Cycle 


aeaeatel poeta, peeeae atop ona cnateteeeneteed Patete cisrectasntmec autatotatet eetpooha ae stateaet 
Address Monessen ERR ee) 
1-1 0 | 4 tawt —_—) 
—_ oOo) tcw 


OY OD 


‘WP? ESSERE 
SEEN ee: 


aaa 


toeEH> 
BOL ROCS Ree 


nnatececenespeetipeetpovencen 


Fae -Don't care 





Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538121A Series 
¢ Page Mode Read Cycle 


Reta neres ees . 
XS ‘ eee parece ate e; 0S oe 


toFFi 


tcoo 


She eeceans 
eee 


4: Don't care 


tRSH 


tec 
tcas tcp——a| t-tcas—>| t#—tcp—9| H-tcas— 


tCAH 


etait [xa MX reer a rotate’ O oa 
OO sremeiearatonseccanes eee RE NS, 
Sea Column iscsi sneniseR nx 
wereee i Reon 
eS POAC 


tou? 


es Seen f Valid Oin 13 farts fo%e*ahe' ELAS o& ene. 
G Valid Oin Sirseeted Valid Oin Ranier Valid Oin eon 


— 
SOR ORRRARE RAC e a 
0°, e a (a) 
CRORE SRE ones resets es 





0088~12 


Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538121A Series 


RAS” 


CAS 


tase 


fa 


” O O ” Box eo coe 4 SAC ee 
Address Sa os ee : Column Bee 53 F Column 5 RN 


n Pere 
OOO I voreres 0, 5 S Re Re a SRI é,*; 





Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 


¢ RAS Only Refresh Cycle 


WEIS A 
ES Roos 


eo Patetete ieee 


Address 


1/0 WES 
(Output ) 3 


RE Oo OSEAN SOG SONI ORR BER 
SAIC ear RO LN Er EEN 


tors 
prapeerararaa aS IRI RTR 
RE ERS 


ESSA: Don't care 
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HM538121A Series 
¢ CAS Before RAS Refresh Cycle 


RAS 4—trPc 
tcp > 


CAS 


Address Sees 


ohn 


Address 


rere ROG eenrerertee Rees 
Cy O o.°, Ow Ley) oy ata eo' 
WE SORA SRY oO 


1/0 
(Output) 
/0 
I 


i/C CRRTRA SRA 
(Input) Ree tozo 


tors 


mre FE 


toTH 





trp 


trpc 
tcsr 


RY, 
Ys ee Inhibit Falling Transition 


ee eon 
< wozeronee. 
ve On xo 
x Se ereeteeeceennnnes 


[RAMA AAA AAR ARK) rw ASE AEBOAE ESA AP Pare 
oF rece ee ON EOE ESSE SSS mtatatepcnonococeotaonsneeporecorertonereees 
setatatdiatatetotatatel cereal Cateeteteetattecdaetteteereerete ete PINE Ceritreretcatichandesreaatetens 


:Don't care 


trc 
tas trp——-> 


tcHR-—————> tcrp—> 


SOREN Se AR SERRE LN 


z 
5 GOOD tere ‘a*a%e' 
escecenececreenecnsasessesnarsrsnsramonn Cave ieieaeanaceees . opie 


SO Cyaan a ae pt Soo ‘ CR INOIOND 
NERS entalatetanetdtatatetdldtptitetetete® SSIS SERIE 
sretalats ratstaratetetenclareturererdcererelasedideretstatd olotereroede eden 


Potoserareratetetete 
79.0.0 8.0 


to%ataratatatatatat Lathe’ 


torF1 


Valid Dout 


COFF2 


Eo nn eet) ahaa’ 
EXERE REE 


eRe : Don't care 


0088-16 
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HM538121A Series 
¢ Read Transfer Cycle (1) 


tre 


nae Teer ares 
ee 


tCSH 
tco—f — tes 


j 
l 5 
| ae lee j! tcaw 
sy yl 


AM Start : ROOK 
Address See BUR 


tRSH 


tha 


Serao Ano NOV ote OMI WAU SN 
RRR a 


yest 


sooo pcoceneeenten 


—_—— toro 
saci (aa iacensle 


eS 


any 


SCA ——— 
S1/0 tsou? 
Cree AN, Se Me ‘ 


Previous Rowe ” 4 New Row 


$1/0 
‘Laput) 


| Avrosese' 


ee :Don't care 





¢ Read Transfer Cycle (2) 


Px MRR A see 
Fetatateene’ Se 
RRs 


BRR EN TN 





itput) tsrs{itstH 


Se ERO EO ORO BS: es PERS ES 
ut) > A Nin A CEA Sree aa Se RNs 





.Oon't care 
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HM538121A Series 


¢ Pseudo Transfer Cycle 


°CSH 
tRCD 4 tcaS 


tASR 
Pe 
Re Ps 
Address sein _KD saddress fe 


Lenn Lasoo PSO NNN OD tN TARTAR PUR ARRON ae LP aSS ne RRR 
WE Ree “i EE Cee 


RRR Nepottotptocpcetat gre tatetgh, 
1/0 


High-Z 
(Output) 


o> oe toTH 
C ee ores Rese Is RRA ER CNR ee SES , ES REINS 
OT/OE men a SS hammer ge So oN ae LESTE SSS 


tsez— 
tEes> aw 


OK ary 
EG 


4-tsrs ¢ 
‘ tsc 


sc 


S1/0 a 
Ua Sy Valid Sout 


S1/0 
Tapot) 


Pe: Don't care 
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HM538121A Series 
e Write Transfer Cycle 


trc 


ia aaa ana trp 


tcsH ( tcrp———> 
Lt Sf | 
4+#———t rcpt cas 


tRAH /tasc |} %CAH 
{#4 -4 


* SAM Start 44 
Address % 


n 


PREIS, ees eens aes peste oes yO OIRO 
oP. PSO 


? & Can ote prot 
eeseeeerereaens ecseies = mores sepesencteteancra arpa teananaeeereoet en eee one IR 


RRR Rao 


C 
tsc>| p¢tsce- 


Roses Inhibit Rising Transitions 


2 ESSER SESS OR NONE : 
1/0 BA von sm SEIN Vana sin WEEN vanes 


RS Pee POO DROOL ECT IN 


RAINS ROP NN! 


SI 
— tsis |[tsta ests|[tsim 
( 





¢ Serial Read Cycle 


— tscc tscc 
tscp Fl tsc———>| Ht scp —>| -tsc———d| #—t scp 


SCA 
tson——> 
tOutput) Valid Sout Bt Valid Sout }———-. — — F valid Sout 





e Serial Write Cycle 


tswIH 





tsc 
tsc—— | |-tscep—> tsc 


:Don't care 
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HM538122 Series 2770/7 Preliminary 


131,072 x 8-Bit Multiport CMOS Video Random Access Memory 


M@ DESCRIPTION HM538122JP Series 


The HM538122 is a 1-Mbit multiport video RAM equipped with a 128k-word x 
8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. 

It also provides logic operation mode to simplify its operation. In this mode, logic 
operation between memory data and input data can be executed by using internal 
logic-arithmetic unit. 


@ FEATURES = 


¢ Multiport Organization 
Asynchronous and Simultaneous Operation of RAM and SAM Capability 


PAM 2h sit0ceiae Dua baa Sen lu ay sees oe seuurenees 128k-word x 8-Bit 
SAM clarion hari te ache Monae wie te Minera eee daa aes 256-word x 8-Bit 
e Access Time RAM.............ee ec ee eeees 100 ns/100 ns/120 ns/150 ns (max) 
DAM eed Corin Pi cise ston ek wows aes 30 ns/35 ns/40 ns/50 ns (max) 
e Cycle Time RAM ................ eee eee 190 ns/190 ns/220 ns/260 ns (min) 
SAME 2 fie is tele oe nare BS pte te 30 ns/40 ns/40 ns/60 ns (min) 

e Low Power 
AGUVG:. AAI ci acg cs pote ohh oboe Are Son ea Bala eee he eg eee: 495 mW (max) 
SAM vt ae eines op esien ely aaa aah nare ew enon 468 mW (max) 
SIGNODY show sexrsciu cee piwaavan tte ede oed a4 ee els Fees 40 mW (max) 


High-Speed Page Mode Capability 
Logic Operation Mode Capability 
2 Types of Mask Write Mode Capability 
e Bidirectional Data Transfer Cycle between RAM and SAM Capability 
e Real Time Read Transfer Capability 
e 3 Variations of Refresh (8 ms/512 Cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
¢ TTL Compatible 


M@ ORDERING INFORMATION 


Access Time 


RAM SAM 









i 
Part No. Package 








HM538122JP-10 
HM538122JP-11 
HM538122JP-12 
HM538122JP-15 


400 mil 
40-pin 

Plastic SOJ 
(CP-40D) 











m@ PIN DESCRIPTION 





Pin Name Function (Top View) 
Ao-Ag Address Inputs 
1/09-1/07 RAM Port Data Inputs/Outputs 
SI/Oo-SI/07 SAM Port Data Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
DT/OE Data Transfer/Output Enable 
SC Serial Clock 
SE SAM Port Enable 
Vcc Power Supply 
Vss Ground 
NC Non Connection 
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m@ BLOCK DIAGRAM 


tion 


P 


Array 


g 
Yo a, 
Dn 


MASK 
register 


m@ PIN FUNCTION 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation cycle of 
the HM538122. 


e Table 1. Operation Cycles of the HM538122 


Input Level 
At The Falling Edge of RAS Operation Cycle 
H | H | H | X | RAMRead/Write 
# Mask Writ 
H Read Transfer 
H Pseudo Transfer 
H Write Transfer 
L CBR Refresh 
Logic Operation Set/Reset 


Note: X: Don’t care. 


CAS (input pin): Column address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 


Ao—Ag (input pins): Row address is determined by Ap-Ag 
level at the falling edge of RAS. Column address is deter- 
mined by Aj—Az level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 


Memory 


HM538122 Series 


pointer 


oO 
” 


Data Register 
Shift Register 


From 


Column 
Address 
(SAM start 


address) 





WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538122 turns to mask write mode. According to 
the I/O level at the time, write on each I/O can be masked. 
(WE level at the falling edge of RAS is don’t care in read 
cycle.) When WE is high at the falling edge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 


1/O9-1/07 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not put into the SAM data register in serial 
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HM538122 Series 


write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 


SI/O9-SI/O7 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SI/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 


M@ OPERATION OF HM538122 


¢ Operation of RAM Port 


RAM Read Cycle (DT/OE high, CAS high, at the falling 
edge of RAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data is output 
through I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (taa) 
and RAS to column address delay time (trap) specifications 
are added to enable high-speed page mode. 


RAM Write Cycle (Early Write, Delayed Write, Read- 
Modify-Write) 
(DT/OE high, CAS high at the falling edge of RAS) 


e Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after RAS is set low, a 
write cycle is executed and I/O data is written at the select- 
ed addresses. When all 8 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and |/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

lf WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE high. 

If WE is set low after tcwp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables write after read to execute in the same ad- 
dress cycle. In this cycle also, to avoid |/O contention, data 
should be input after reading data and setting OE high. 


¢ Mask Write Mode (WE low at the falling edge of RAS) 


If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an !/O is written depends on |/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 


High-Speed Page Mode Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 


is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70%-80%. This product is based on static column mode, 
therefore address access time (ta), RAS to column address 
delay time (trap), and access time from CAS precharge 
(tacp) are added. In one RAS cycle, 256-word memory cells 
of the same row address can be accessed. It is necessary 
to specify access frequency within taasp max (100 ups), 
tResp max (100 ps). 


¢ Transfer Operation 


HM538122 provides the transfer cycle, pseudo transfer 
cycle, and write transfer cycle as data transfer cycles. These 
transfer cycles are set by driving DT/OE low at the falling 
edge of RAS. 


They have the following functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 
RAM — SAM 
(b) Write transfer cycle: RAM <— SAM 
(3) Determine input or output of SAM I/O pin (SI/O) 
S!/O output 
SI/O input 


(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. 


Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (256 x 8-bit) determined by this cycle is trans- 
ferred synchronously at the rising of DT/OE. After the rising 
edge of DT/OE, the new address data outputs from SAM 
start address determined by column address. 

This cycle can access SAM serially even during transfer 
(real time read transfer). In this case, the timing tspp (min) is 
specified between the last SAM access before transfer and 
DT/OE rising edge, and tspy (min) between the first SAM 
access and DT/OE rising edge (see figure 1). 


(a) Read transfer cycle: 


Read transfer cycle: 
Pseudo transfer cycle, write transfer cycle: 


lf read transfer cycle is executed, SI/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and S!/O is in input 
state, uncertain data is output after ta; 7 (min) after the RAS 
falling edge. Before that, input should be set high imped- 
ance to avoid data contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching SI/O from 
output state to input state because data in RAM isn’t rewrit- 
ten. This cycle starts when CAS is high, DT/OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in SI/O becomes high impedance within tspz (max) 
from the RAS falling edge. Data should be input to SI/O lat- 
er than tsip (min) to avoid data contention. SAM access be- 
comes enabled after tgpp (min) after RAS becomes high. In 
this cycle, SAM access is inhibited during RAS low, there- 
fore, SC should not be raised. 
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Address 


SAM Data Before Transfer 


HM538122 Series 


SAM Data After Transfer 





Figure 1. Real Time Read Transfer 


Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tspap (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 


e SAM Port Operation 


Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. If SE Is set 
high SI/O becomes high impedance and internal pointer is 
incremented at the SC rising edge. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/O 
data isn’t input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can 
mask data for SAM. 


e Refresh 
RAM Refresh 
RAM, which is composed of dynamic circuits, requires re- 


fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy- 


cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses every 8 ms. 


RAS Only Refresh Cycle: RAS only refresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter- 
nal circuits. 

To distinguish this cycle from data transfer cycle, DT/OE 
should be high at the falling edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im- 
pedance and power dissipation is lowered because CAS cir- 
cuits don’t operate. 

To distinguish this cycle from logic operation set/reset cycle, 
WE should be high at the falling edge of RAS. 


Hidden Refresh Cycle: Hidden refresh cycle performs re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don’t require refresh. 


¢ Logic Operation Mode 


The HM538122 supports logic operation capability on 
RAM port. It performs logic operations between the memory 
cell data and input data in logic operation mode cycle, and 
writes the result into the memory cell (read-modify-write). 
This function realizes high speed raster operations and sim- 
plifies peripheral circuits for raster operations. 
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HM538122 Series 


Logic Operation Set/Reset Cycle (CAS and WE Low at 
the falling edge of RAS) 


In logic operation set/reset cycle, the following operations 
are performed at the same time; 1. Selection of logic opera- 
tions and logic operation mode set/reset, 2. Mask data pro- 
gramming, 3. CAS before RAS refresh. 

Figure 2 shows the timing for logic operation set/reset cy- 
cle. This cycle starts when CAS and WE are low at the fall- 
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by row address and I/O pin at 
the falling edge of RAS respectively. When write cycle is 
performed after this cycle, the logic operation write cycle 
starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi- 
fy-write cycle is performed internally. In this cycle, logic op- 
eration codes and mask data programmed are available until 
reprogrammed. In normal mode, mask data is available only 
for one RAS cycle. Here, the mask data programmed in nor- 
mal mode is named as “temporary mask data” and the one 


Logic Code 


1/00-1/07 Mask Data 


programmed in logic operation set/reset cycle is named as 
“mask data”. 


(1) Selection of logic operations and logic operation mode 
set/reset 


Table 2 shows the logic operations. One operation is se- 
lected among sixteen ones by combinations of Ag—Ag levels 
at the falling edge of RAS. (Ag—Ag are Don’t care.) Logic 
operation codes (A3, A2, A1, AO) = (0, 1, 0, 1) resets the 
logic operation mode. When write cycle is performed after 
that, normal write cycle starts. However, even in this case, 
mask data is still available. 1/O should be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 


(2) Mask data programming 


High/low level of I/O at the falling edge of RAS functions 
as mask data. When |/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It is advanta- 
geous when the same mask data continues. 





Figure 2. Logic Operation Set/Reset 
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¢ Table 2. Logic Code 


Logic Code ; 
Write Data 


: 
: 
jan) 
MN 
a 
t 
om 
o 


< 

SEEPS er PE Cer 
- 
; 


- 


Die Mi 


; 
Z 
g 


Die Mi 


| 
|Z 
is 
Cc 
Q 
a0} 


DieMi + DieMi 
Di + Mi 

DieMi 

DieMi + DieMi 


res 
Z 
© 
>) 


Di+ Mi 

Mi 
Di + Mi 
Di + Mi 


— 


= 
< 
we) 


ape ef ete feel Re | Olrololrololojyo!lo 


Z, 
> 
Zz 
0 


Notes: Di: External data-in 
Mi: The data of the memory cell 


Logic operation 


set/reset cycle Write Cycle Write Cycle Write Cycle 


"0" write Masked 


Masked 


Masked 
Masked 


"O" write 


Masked "0" write 


Masked 


Logic} AND 1 THROUGH AND 1 


Mask data is 
set. 
1/01, 2:Masked 


"1" write 


Temporary mask 
data is set, 

and valid only 
in this cycle. 
Assume that 1/00, 3:Masked 
the logic is 


set to “AND 1°’. 


"1" write 


HM538122 Series 


Notes 


Logic Operation Mode Set 


Logic Operation Mode Reset 


Logic Operation Mode Set 


Write Cycle 


Masked 


Masked 


AND 1 





(1/04-1/07 are also operated similarly.) 





Figure 3. 2 Types of Mask Write Function and Logic Operation Function 
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HM538122 Series 


Also, temporary mask data is programmed by falling WE 
at the falling edge of RAS in logic operation mode cycle af- 
ter mask data is programmed in logic operation set/reset cy- 
cle. In this case, temporary mask data is available only for 
one cycle. 

Logic operation is reset during temporary mask write cy- 
cle. It means that external input data is written into I/O 
when temporary mask data is set. Figure 4 shows write 
mask and logic operations. These functions are useful when 
RAM port is deviced into frame buffer area and data area, 
as they save the need to reprogram logic operation codes 
and mask data. 


Read i-word source data 
Read 1-—word 
destination data 


Execute logic operation 
between source data and 
destination data 


Write the result of 
operation into the 
destination address 


Write Cycle in Logic Operation Mode (Early Write, De- 
layed Write, Page Mode) 


Write cycle after logic operation set cycle is logic opera- 
tion mode cycle. In this cycle, the following read-modify-write 
operation is performed internally. 


(1) Reading memory data in given address into internal bus 


(2) Performing operation between input data and memory 
data 


(3) Writing the result of (2) into address given by (1) 


Figure 4 shows sequence of raster operation. Raster op- 
eration which needs 3 cycles (destination read, operation, 
destination write) in normal mode can be executed in one 
write cycle of logic operation mode. It makes raster opera- 
tion faster and simplifies peripheral hardware for raster oper- 
ation. 


Execute logic operation 
set/reset cycle 
Read 1-word source data 


Write read data into 
the destination address 





Figure 4. Sequence of Raster Operation 
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HM538122 Series 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit Note 
Terminal Voltage 1 
Power Supply Voltage —0.5 to + 7.0 1 

| Tope 


: V 
[a ase10 | V 
Power Dissipation Ww 
Operating Temperature Topr °C 
Storage Temperature 


Note: 1. Relative to Vss. 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter _[Symbol[ Mn ‘| Typ‘ Max =< =«’S~C*iN 
Supply Voluge | Veo | 4s ~« soi ss | 
inpu High Votage [Via ‘| ei dP os Pd 
Input Low Voltage VIL — 0.5 ee eee eee ee ee 12 


Notes: 1. All voltages referenced to Vgs. 
2. —3.0V for pulse width 10 ns. 


e DC Electrical Characteristics (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV) 


P , Symbol HM538122-10 | HM538122-11 | HM538122-12 | HM538122-15 tis Test Conditions ve 
arameter modo ni ote 
yobel Min | Max | Min [ Max [ Min [ Max | Min [ Max |°"'[RAMPon [| SAMPon 


SC = V],,SE = Vig 


Operating _ : 
Current SE = Vi, SC Cycling | 1,2 
tscc = Min 
SC = Vy,,SE = V 
Standby — a at , 
Current SE = Vit. SC Cycling 
tscc = Min 
RAS Only SC = Vy, SE = Ving 
Ren SE = Vy, SC Cycling | 1,2 
Current isco = Min 
SC = Vy, SE = V 
Page Mode — i a 1% 
Current SE = VIL, SC Cycling | }> 
tscc = Min 
as SC = Vy,,SE = V 
a Seti RAS Cycling f= ue = \ 
efres tro = Min SE = Vit SC Cycling 
Current tscc = Min 
Data SC = Viz, SE = Vin 





a dd 
fu [ol el-e| [mf [-mfe fm | 
ho [-e| e[-e| © [-e[ (elem) | 
a8 dd 
ae fe t- Le [le [—[™[- [offre 


Notes: 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition 
(iyo = Istjo = 0 mA). _— 
2. Address can be changed less than three times in one RAS cycle. 
3. Address can be changed once or less while CAS = Vyqy. 
4. Iccz and Iccg are measured with address fixed. 
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HM538122 Series 
¢ Capacitance (T, = 25°C, Vcc = 5V, f = 1 MHz, Bias: Clock, |1/O = Voc, Address = Vgs) 


Address Cry 
Clocks Cro 


/0,S1/0 


ae ee eee ee ee 


= 


e AC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vgg = OV)! 11 


Test Conditions 


Input Rise and Fall Time 5 ns 
Output Load See figures 
Input Timing Reference Levels 0.8V, 2.4V 
Output Timing Reference Levels 0.4V, 2.4V 


Output Load (A) 


lou =-2mA 


_—_—_—— 


2. 


Note: *1. Including scope and jig. 


Common Parameter 


HM538122-10 HM538122-11 HM538122-12 HM538122-15 
Parameter Symbol ; Unit | N 


Max 
Random Read or Write Cycle Time ltee =| 190 | — | 
RAS Precharge Time tee =| 80 | — | 
RAS Pulse Width tRAS 
CAS Pulse Width 


Row Address Setup Time 
Row Address Hold Time 
Column Address Setup Time 


jf tasc 
Column Address Hold Time tea = ew 


RAS to CAS Delay Time tRCD 
RAS Hold Time tRSH 


CAS Hold Time tcso_ | 100 | — | 
CAS to RAS Precharge Time tcRP i> SOF: ai = tee. 
Transition Time (Rise to Fall) 


[tos 

[torr 

Refresh Period trer | — 

DT to RAS Setup Time 

DT to RAS Hold Time 
| Dz0 
[tpzc_| 


Data-in to OE Delay Time tpzo ze 


Data-in to CAS Delay Time tpzc 





— 
\o 


— 
Ww 


Output Load (B) 


one al 
lo, = 4.2 mA 


<—_——_—_____ 


ote 


nN 
N 
fm) 
N 
DN 
j=) 


120 150 | 10000 
000 | 3 


Tas | — [| 
7 [as [as [0 | nto | ms | Be 
Peds ar om 
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HM538122 Series 
Read Cycle (RAM), Page Mode Read Cycle 


ee HM538122-10 HM538122-12 or Pee 
= SHEGeuREE 
Turn-off Delay __ tOFF1 
Referenced to CAS 
ere (| - [= {| =] -]* [=] elf 
Turn-off Delay _ tOFF2 
Referenced to OE 
seer eee 
Referenced to RAS RRH 


Write Cycle (RAM), Page Mode Write Cycle 


HM538122-10 HM538122-11 HM538122-12 HM538122-15 ak 
ni 


Write Command Pe Width | twr Pip 


Read-Modify-Write Cycle 


Parameter 


HM538122-10 HM538122-11 HM538122-12 eee 15 
Symbol Mi ioe oo Note 


240 


Read-Modify-Write Cycle Time 


RAS Pulse Width 


CAS to WE Delay Time tcwD 
Column Address to WE Delay Time 


S 
2/,/z 


— 
bo) 
a) ms 


Hn 


\©o 


\o 


0 
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HM538122 Series 
Read-Modify-Write Cycle (continued) 


Baie HM538122-10 HM538122-12 ah 
iin [Max | Min [Max [Min [Max | Min [Max 
SS 0e0e0e0R 
Referenced to OE 
Refresh Cycle 
eee HM538122-10 | HM538122-11 | HM538122-12 ee: 
| Min | Max | Min | Max Min Max Min 
(CAS Before RAS Refresh Cycle) 
RAS Precharge toCASHold Time | treo | 10 | — [| 1 | — | 1 | ~ | 0 | = | os | 


Transfer Cycle 


Parameter Symbol 


HM538122-10 HM538122-11 HM538122-12 HM538122-15 Gait | Noe 
nl ote 


ale 
: 
~ 
S 
a 


Ww 
j=) 
fi 
fe 
Oo 


WE to RAS Setup Time tw 
WE to RAS Hold Time twH 


— 


nN — 


SE to RAS Setup Time tEs te 20s i oy 
TorenGnes 


RAS to SC Delay Time tsRD 
SC to RAS Setup Time tsRS 

DT Hold Time from RAS | trpH 
DT Hold Time from CAS | topyH 
Last SC to DT Delay Time | tspp 
First SC to DT Hold Time | tspx 
DT to RAS Lead Time tpTL 


2 


ws 


2 
5 


: 
- 
— 
= 
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HM538122 Series 
Transfer Cycle (continued 


| Min | 


DT Hold Time Referenced ; 0 25 
to RAS High hick 


DT Precharge Time ‘tore | 30 | — | 35 


Serial Data Input Delay Time 

Serial Data Input to RAS t 10 

to Delay Time SZR 

Serial Output Buffer 

RAS to Soy (Low-Z) 

Delay Time 'RLZ 2 se 
Serial Data-out Hold Time ze 


— 
ie 
ek 


— 


~l 
WG 
~~] 


HM538122-15 
Unit | Note 


N 
ws 


Ww 


we 
oO 


So 
— 
fa) 


— 
oO 


WwW 
Lo) 


pp 
(om) 
W 
fom) 


— 
i) 


Serial Data-in Setup Time ftss | 0 | 
Serial Data-in Hold Time 


Serial Read Cycle 


HM538122-10 HM538122-11 HM538122-12 HM538122-15 
Parameter Symbol 


in wa 
Serial Clock Cycle Time Ftsco =| 30 

Access Time from SC rae ee) : 
Access Time from SE (gua | ees 
= 
| 10 
eH | 


NX 
oO 
N 
wr 


i) 
a 


=% 
et 
a 


Note 


0 


Serial Data-out Hold Time 
SC Pulse Width 
SC Precharge Width 


Serial Output Buffer 
Turn-off Delay tsEz 
from SE 


Serial Write Cycle 


HM538122-10 HM538122-11 HM538122-12 HMS538122-15 
Parameter Symbol 


Min 
30 
7 
10 


7 
10 
10 


30 


[Max [Min [Max | Min_[ Max | 
pS ee oe eed 
ps [- [fs |- | «| 
Ts [- |» |-] 
i a ee 
pS oe 
ae Ra ee a 
Beoee 


~ 





SC Pls With se ee 
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HM538122 Series 
Logic Operation Mode 


on mba SME 10 | HM538122-11 | —HM538122-12. | —HM538122-15 wer ee 
ee w_{ Min [Max [Min [7 Max [7 Min [Max [Min [Max | "|" 
CAS Hold Time 
(Logic Operation tFCHR 
Set/Reset Cycle) 
RAS Pulse Width 
in Write Cycle si aie = fie sie bat pe pw 
CAS Pulse Width 
in Write Cycle tos | © | - | mi] - | m]-] @ | - [a 
CAS Hold Time 
RAS Hold Time 
in Write Cycle jms | @ | - | | - | | - | | - | ow 
Write Cycle Time 20 | — | 265 | — {| 265 | — | 30 | — | | 
Page Mode Cycle Time 
(Write cick) fot aoe ol Ed e ea Ee 
Notes: 1. AC measurements assume ty = 5 ns. 


2 


Co 


10. 
11. 


12. 
13. 
. When I/O or SI/O is in the output state, data input signals must not be applied to I/O or SI/O. 
15. 
16. 


1182 


. When trcp ¥ 
. torr (max) is defined as the time at which the output achieves the open circuit condition (Voy — 200 mV, Voz + 


. When twcs 2 


Assume that trop < trcp (max) and trap ¥ trap (max). If trop or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 


When trcp 2 JR AD (max), access time is specified by tcac. 


tRAD (max), access time is specified by ta. 


trcp (max) or trap 
trcp (max) and tr AD 2 


200 mV). 


. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Transition times are measured between 


Vig and Vy. 

twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. 

When tawp 2 tawp (min) and tcwp 2 tcwp (min), the cycle is a read-modify-write cycle; the data of the selected 
address is read out from a data output pin and input data is written into the selected address. In this case, impedance on 
I/O pins is controlled by OE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

After power-up, pause for 100 ws or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

If either trcy or trey is Satisfied, operation is guaranteed. 

tscc2 is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 


When SE is low after power on, SI/O is in the output state. Data input signals must not be applied to SI/O in this time. 
When CAS and DT/OE are both low after power on, it is possible that I/O is in the output state. Data input signals must 
not be applied to I/O in this time. 
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HM538122 Series 


@ TIMING WAVEFORMS 
e Read Cycle 


tasr == tRAH tasc Fee 
jasc | Baal ace | ES 


address, /) an C//LLP iis 


RCH 


a 
- LL LLL 


1/0 
(OUTPUT) _——— _—_ 
wen LLVLLLLLLLLLD af 
| ae 
-f——anl_B 


WAT | ; Don't care 


tasr == tcaH 


ston IN sor KTP WLLLLLLLLLLLL: 


tws 





e Early Write Cycle 


tWou 


— ae 
TR L/P LLLLLLLL. 


ws] = 
ata 
1/0 


wen Z an LL RIL LLL: 


1/0 HIGH=Z 
(OUTPUT) tors 
‘oTH 


oor //} LLLLLLLLLLLLLLLLLLLLLLL”_ 
[ZZ] ; Don't care 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case the I/O is high at the falling edge of RAS. 
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HM538122 Series 
e Delayed Write Cycie 


— tore 
mae 
eee 
addross 2 cn IIL 


tcaH 


twou 


tt We I 


*RWL 
‘ots om 
cea] 


tot a 
tos 
cour) Det YY RLLLLLLLLLLLL) 


\(/o 
(INPUT) 


tus || ‘MH 





VZ) 3; Don't care 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


¢ Read-Modify-Write Cycle 


0085-11 


tRaD 
a — pa 


aadress 7) ro = + 


ve ae a ee ELLLLLLLL 
neu 7D) oe SET =e UUM id 
a 
1/0 gue 


(OUTPUT) a 


wall ae bai 
1] NLA VLLLLLLLL 
YZ] ; Don't care 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 
Page Mode Read Cycle 


tre 


\ 


= 
=. 


addresses J pel 5 MMU) UII, man 


oe ers tae SI 


LYLLLL LLU qc Bice hee tne XL 


taa 


tRAC 


t 
1/0 at any 


(OUTPUT) 


ee et ripe 


(INPUT) 
ozo ‘ozo torr2 


toac 


e LY XQ P/E bk WLLLLLLLLL. 
[ZZ] ; Don't care 


0085-13 





Page Mode Write Cycle (Early Write) 
tRasP 


tos tec 
‘rep tcas tcas 
tcaH 


salpyeal SS 
ssime 7) —— 71 om XT Meme TTT 
on 7 rr Ps mo [ 72 ss WITT 
yy 


hs 
KL//} L/P RLLLLLLLLLLLL: 


1/0 
(INPUT) 


me 
“4 
pad nd 
| 


1/0 


/ 
(OUTPUT) 
tots | ‘oTH 


LLP LLL LLLLLLLLLLLLLLLLLL&LLULL@@”_ 
[ZZ] ; Don't care 





0085-14 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 
Page Mode Write Cycle (Delayed Write) 


a 


N 
too ei 
N | | y 
ae 


, =: on XD a LLL} = MLLILLLLLLLLLLLLL, 


sat Spit towL towL 
= XZ. WITT WT " MUMIA 


XK CII. 


1/0 
(INPUT) 


1/0 HIGHZ 
(OUTPUT) 


‘OEH 
DT/OE | LLLLLLLILLLLLLLLL. 
[77] ; Don't care 





Note: *1. ae WE is pai el, yt base n I/Os can be o the memory cell. When WE is low level, the data on I/Os 
not written except for the cara: I/O is high aie a ng edge of RAS. 


¢ RAS Only Refresh Cycle 


torp | 


SSC 
cas ///] VLLLLLLL LLL 1. 
tRAH 


aie I 


tase 


HIGH-Z 


1/0 
(OUTPUT) 


| 
cnet) ALLL LLLLLLLLLLLLLLL ALLL LLL LLL LLL 


‘ots 


ore (7 LLILLLLLLLLLLLLLLLULLLLILL_ 
[ZZ] ; Don't care 
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HM538122 Series 


ea = R 
; ee | 
. TTT 


tws twH 


a FE UUMMMIULULUUIUUI ID 


I) LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL@_L_ 


(INPUT) 


1/0 HIGH-Z 
P/E ALLL LLLLLLLLLLLILLILLLLULLLLLL_ 
[ZZ] ; Don't care 





¢ Hidden Refresh Cycle 


| 
(a UM 


torr 1 


1/0 
(OUTPUT) 





DT/OE 


1/0 
(INPUT) 
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HM538122 Series 
¢ Read Transfer Cycle (1) 


At () ee Se 
SSerie 
] = RLLTITTTTETLL TTT 
al oT 


1/0 
(OUTPUT) 


= 
ewer, LLLLLLLLLLL{_osn tats LLL 


tors ‘OTHH 


ror /N | LLL 


t 
SHEE. | iia 
aa 


court) ZX __‘Sae L/P St XL Sat BLL St MLL. 
Previous Row oF aa 


tsca 


S1/0 TRS NE LE LEIP SOTA, HIGH-Z 
(INPUT) 


/ / 3; Don’t care 





0085-19 


Notes: “1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM538122 Series 
e Read Transfer Cycle (2) 


tke 
sl =o Sem lm 
po ee 


*DTL 


1/0 
(OUTPUT) 


= 
wo) LLLLLLLLILLLLLLLLLILLLLLLLLLLLULLLLL@L_ 


toTHH 


oe NL LLLL 


tspH 


“9 CEW 
i S 7 
(OUTPUT) . out 


. VALID | 
* Sin 
V7] ; Don’t care 


VV ; Inhibit rising transient 





Notes: “1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM538122 Series]; —- A 


¢ Pseudo Transfer Cycle 


ae 


address WY RAL LLL LLL. 


we mt WITTE. 
St a 

me WILLLLLLLLLLLLLLLLLLLLLLLL LL. 
eee, 


Mies || MLL. 


‘sro tone 


A 


ts¢ 
tsiH 


0st, $$ 7777 KD 


tc 


$I/0 
(OUTPUT) 


1/O ; Don’t care 


V7) ; Don’t care 


Yi ; Inhibit rising transient 
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HM538122 Series 
¢ Write Transfer Cycle 


tcas 
CAS 


| 


stow TIE oY =e bo 


We a CC MLLLLLLLLLLLLULLILLLLLILLLULLLL“_ 
‘ots Ee 
re VILLLLLIILLLLLLLueeeeeLal Ll. 


= /) ae CLLLLLLILLLLLLLLLLLLL LLL LL LLL. 


tsps 


, 
aS 2 = 
a tsiH 


aweun WLLLLLLLLLLLLLP Mh 


S1/0 


HIGH-Z 
(OUTPUT) 


V7) ; Don’t care 
YY : Inhibit rising transient 
0085-22 
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HM538122 Series 
¢ Serial Read Cycle 


tsoy 


$1/0 #- VALID VALID —y -- VALID 
cure) — KL//R Soe 3 ee 77) oe 
tsca (n-1) ‘sca (n+1) tsca (n+2) 

tsez 


[77] ; Don't care 





Note: 1. Address 0 is accessed next to address 255. 


e Serial Write Cycle 


N 


tswis | | tswin toge 


tsec tscc¢ 


tscc tswH 


tsc a+ 'scp > N<-'scp->/ N~<-'tscp->if< tsc 


(n-2) (n+1) 


ion Se ac RALLLILLLL LL 1 Best LLL) 


tsis tory ‘sis tsiH 


; Don't care 





Notes: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address 0 is accessed next to address 255. 
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HM538122 Series 
© Logic Operation Set/Reset Cycle 


trp tke 
a ’ RAS 
ial 
[ tRAH 


Usk 


torp 
wie 77K XIII 
<r | bom 


tos ton 


awe) LZR 82 III LLLLLLLLLLLLLL LL. 


\/0 HIGH-Z 
(OUTPUT) 


WE TMILUL LLL 
[77] ; Don't care 


0085-25 





Notes: *1. Logic code Ag—A3. 
*2. Write mask data. 


¢ Logic Operation Mode Timing Waveforms 
Early Write Cycle 


Address 


tou 


neu) ZP LL 0 RIL LLL. 


HIGH-Z 


1/0 
(OUTPUT) 





or/oe //f LLL 
[ZZ] ; Don’t care 


Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 1193 





HM538122 Series 
Delay Write Cycle 


teRc 


RFs 
| y tep 
| = 
‘sat -— 


Address ae TTL 


} ae LLLP PLLLLLLLLLLLLL 


tow 


gee Te 
7 [EEE 


‘us tyH 


tos tou 


neu) ts va vara ILL 


1/0 HIGH-Z 
(OUTPUT) 





V7) ; Don't care 


Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 
Page Mode Write Cycle (Delayed Write) 


Address 


tws ‘RWL 


= XTTIR ATTN VIN ATT. 


‘us 


toy 


mic ml 
owl) DR DE/DE SRLLLLTT 


1/0 
OUTPUT 
toEH 


mise 7 j LLLLLL 
YZ] ; don't care 


Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 
Page Mode Write Cycle (Early Write) 


* 
FS 
" 
cor 
pat 
Address x ; COLUMN ////} Rowe /////// 


oe 


Jz ~~ I 


tbH 
anew ae (1), Ge 1) Grae 00 


i/o HIGH-Z 
(OUTPUT) 


Br/ET NLLLILLLLLLLLLLLLLLLALLLLLLLL: 
PZ] ; Don’t care 


Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series 


131,072-Word x 8-Bit Multiport CMOS Video RAM 


@ DESCRIPTION HM538123 Series 


The HM538123 is a 1-Mbit multiport video RAM equipped with a 128k-word x 
8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. In addition, it has two new functions. 
Flash write clears the data of one row in one cycle in RAM. Special read transfer 
internally detects that the last address in SAM is read and transfers the next data of 
one row automatically from RAM if a transfer cycle has previously been executed. 


These functions make it easier to use the HM538123. 
3DCP40D 





@ FEATURES (CP-40D) 
¢ Multiport Organization 
Asynchronous and Simultaneous Operation of RAM and SAM Capability m@ PIN OUT 
PRAIA ices aie eG ee aie ale a ried path Gane a ae wt eeecae Bea at 128k-word x 8-bit HM538123JP Series 
SAM ss iecicen Aes arise aulepeen Putas ato edas oleae eaes 256-word x 8-bit 
e Access Time 
PRA sek Oa ok bb ceeave end wpe a eatin oan Daas 100 ns/120 ns/150 ns (max) 
DAM idols cutee antes aaah rsagy bide Se Sse eden yet ece ns 30 ns/40 ns/50 ns (max) 
e Cycle Time 
PAI a ails isch ce ene user eet aoe Sign cea tag Bake a sng 190 ns/220 ns/260 ns (min) 
SAM. 4200054 sake drathsersheteise cence twwewes 30 ns/40 ns/60 ns (min) 
e¢ Low Power 
Active 
FAN hinitaweeee ue eee eh wamee Geel eG ue RGae oka ae Ste 385 mW (max) 
SAW tas :2ea aeieie wane Raisnee ween teee coef adee means 275 mW (max) 
SIGNODY u3a stesso fod wide ect andee thw i deioatews aaa 40 mW (max) 


e High-Speed Page Mode Capability 
e Mask Write Mode Capability 
¢ Bidirectional Data Transfer Cycle between RAM and SAM Capability 
e Special Read Transfer Cycle Capability 
e Flash Write Cycle Capability 
e 3 Variations of Refresh (8 ms/512 Cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
e TTL Compatible 


M@ ORDERING INFORMATION 


Access Time 





Package 
400 mil 


40-pin 
Plastic SOJ (CP-40D) m PIN DESCRIPTION 











(Top View) 





HM538123JP-10 
HM538123JP-12 
HM538123JP-15 








Pin Name Function 
Aop-Ag Address Inputs 
I/O9-1/07 RAM Port Data Inputs/Outputs 
SI/Op-SI/07 SAM Port Data Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
DT/OE Data Transfer Output Enable 
SC Serial Clock 
SE SAM Port Enable 
DSF Special Function Input Flag 
QSF Data Register Empty Flag 
Vcc Power Supply 
Vss Ground 
NC No Connection 
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HM538123 Series 
m@ BLOCK DIAGRAM 


Memory 
Array 


re) 
is 
~ 
Cc 
° 
O 
® 
~ 
c 
= 
x£< 
” 
p) 
La. 


DR : Data Register 


Color 
Register 


m@ PIN FUNCTION 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those signals determine the operation cy- 
cle of the HM538123. 


e Table 1. Operation Cycles of the HM538123 









Input Level at the Falling Edge of R Operation Cycle 


= 
es) 
” 
tH 











RAM Read/Write 
Color Register Set 
Mask Write 
Flash Write 
Special Read 
Initialization 
Special Read 
Transfer 
Pseudo Transfer 
Write Transfer 
CBR Refresh 


a eee oe 








rot ££ Leet ce 
Om Ke MM XM 


More 


Note: X; Don’t care. 


CAS (input pin): Column address ts put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of |/O in 
RAM. 


Ao-Ag (input pins): Row address is determined by Ap—Ag 
level at the falling edge of RAS. Column address is deter- 
mined by Ag—A7 level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 





Pointer 


= 


From 

Column Address 
(SAM Start 
Address) 


Shift Register 


WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538123 turns to mask write mode. According to 
the I/O level at the time, write on each I/O can be masked. 
(WE level at the falling edge of RAS is don’t care in read 
cycle.) When WE is high at the falling edge of RAS, a nor- 
mal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 


1/O9-I!/07 (input/output pins): 1/O pins function as mask 
data at the falling edge of RAS (in mask write and flash 
write mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. Af- 
ter that, they function as input/output pins as those of a 
standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 
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SI/O9-SI/O7 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a special read transfer 
cycle or special read initialization cycle, SI/O outputs data. 
When it was a pseudo transfer cycle or write transfer cycle, 
SI/O inputs data. 


DSF (input pin): DSF is a special data input flag pin. It is set 
to high when new functions such as color register set, spe- 
cial read transfer, and flash write, are used. 


QSF (output pin): The HM538123 has a double buffer orga- 
nization which includes two SAM data registers to relax the 
restriction on timings of DT/OE and SC in real time transfer 
cycle. QSF flag turns high when output from one of SAM 
data registers finished (data register empty flag). If the con- 
dition is detected and special read transfer cycle is execut- 
ed, data is transferred to the empty register. SC (serial 
clock) and data transfer cycle can be set asynchronously 
because detection of the last address in SAM and change of 
data register are executed automatically in the chip. It 
makes the system design flexible. 


@ OPERATION OF HM538123 
e Operation of RAM Port 


RAM Read Cycle (DT/OE High, CAS High, DSF Low at the 
Falling Edge of RAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data is output 
through |/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (taa) 
and RAS to column address delay time (taap) specifications 
are added to enable high-speed page mode. 


RAM Write Cycle 


(Early Write, Delayed Write, Read Modify Write) 
(DT/OE High, CAS High, DSF Low at the Falling Edge of 
RAS) 


¢ Normal Mode Write Cycle 


(WE High at the Falling Edge of RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select- 
ed addresses. When all 8 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes in high im- 
pedance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 


HM538123 Series 


lf WE is set low after tewp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read modify write cy- 
cle and enables read/write to execute in the same address 
cycle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 


e Mask Write Mode 


(WE Low at the Falling Edge of RAS) 

lf WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed !/O. Whether or not an I/O is written depends on |/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high |/O pins and masked in low ones and inter- 
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 


High-Speed Page Mode Cycle (DT/OE High, CAS High, 
DSF Low at the Falling Edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time (taa), RAS to column ad- 
dress delay time (trap), and access time from CAS pre- 
charge (tacp) are added. In one RAS cycle, 256-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tras max 
(10 ys). 


Flash Write Function (See Figure 1) 


e Color Register Set Cycle (CAS-DT/OE-WE High, DSF High 
at the Falling Edge of RAS) 


In color register set cycle, color data is set to the internal 
color register used in flash write cycle. 8 bits of internal col- 
or register are provided at each I/O. This register is com- 
posed of static circuits, so once it is set, it preserves the 
data until reset. The data set is just as same as in the usual 
write cycle except that DSF ts set high at the falling edge of 
RAS, and early write and delayed write cycle can be execut- 
ed. In this cycle, memory array access is not executed, so It 
is unnecessary to give row and column addresses. 


e Flash Write Cycle (CAS-DT/OE High, WE Low, DSF High 
at the Falling Edge of RAS) 


In a flash write cycle, a row of data (256 x 8 bit) is 
cleared to 0 or 1 at each I/O according to the data of color 
register mentioned before. It is also possible to mask I/O in 
this cycle. When CAS-DT/OE is set high, WE is low, and 
DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is to |/O. Mask data is as same as that of a RAM 
write cycle. High !/O is cleared, low I/O is not cleared and 
the internal data is preserved. Cycle time is the same as 
those of RAM read/write cycles, so all bits can be cleared in 
1/512 of the usual cycle time. 
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HM538123 Series 


Color Register Set Cycle Flash Write Cycle Flash Write Cycle 


= VW SPUL_S/ VS 
i—2 iy ye 
ee 8 1/1/11 


me ar yal ar 


“ow Wh —~ M7 a= AT 


CAS 


a? TT —~ [Tr ‘ 
TD.» (1 TT = UW wh. — I = 


Hareeaieieeeeteremeiede eee 
DA = UL = WAT = 
‘ or, “Wi yu 


se t (/OS3, eh 
00) = are »ADin 


(/O4—1/07 are also operated similarly.) 
0111 





Figure 1. Use of Flash Write 
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¢ Transfer Operation 


The HM538123 provides the special read initialization cy- 
cle, special read transfer cycle, pseudo transfer cycle, and 
write transfer cycle as data transfer cycles. These transfer 
cycles are set by driving DT/OE low at the falling edge of 
RAS. They have following functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 


(a) Special read initialization cycle, 
Special read transfer cycle: RAM — SAM 
(b) write transfer cycle: RAM <—- SAM 


(3) Determine input or output of SAM I/O pin (SI/O) 


Special read initialization cycle: S!/O output 
Pseudo transfer cycle, 
write transfer cycle: SI/O Input 


(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 


Special Read Initialization Cycle (CAS High, DT/OE 
Low, WE High, DSF Low at the Falling Edge of RAS) 


If CAS is high, DT/OE is low, WE high, and DSF low at 
the falling edge of RAS, this cycle becomes a special read 
initialization cycle. Special read initialization is used (1) to 
start special read transfer operation and (2) to switch SAM 


Memory 
Array 


DR : Data Register 
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input/output pin (SI/O) set in input state by pseudo transfer 
cycle or write transfer cycle, to output state. 


If the clock is set as mentioned before, address of SAM 
transfer word line is set to row address and first SAM ad- 
dress to access (SAM start address) to column address, it 
becomes possible to execute SAM read after tgpp (min) af- 
ter RAS is high. In this cycle, SI/O outputs uncertain data 
after the RAS falling edge. So when SAM is in input state 
before executing this cycle, it is necessary to stop input be- 
fore the RAS falling edge. 


SAM access is inhibited while RAS is low in this cycle. SC 
should not be raised during RAS low. 


Special Read Transfer Cycle (CAS High, DT/OE Low, 
WE High, DSF High at the Falling Edge of RAS) 


Ordinary multiport video RAM has some problems; (1) se- 
vere limitation on timings between processor clock DT/OE 
and CRT clock SC, (2) complicated external control circuit to 
detect SAM last address externally and to insert transfer cy- 
cle synchronously. Special read transfer cycle makes it pos- 
sible to relax the timing limitations and to set serial clock 
(SC) and transfer cycle perfectly synchronously. 


Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two data reg- 
isters (DR). When data is read out from DRO serially, special 
read transfer cycle transfers a row of RAM data, which will 
be read from SAM next, to DR1. 


The end of data read from DRO is detected internally and 
data register switching circuit automatically switches to DR1 
output. So data can be output continuously. 


1“ 
oy 
Cd 
2 

bo 
® 
Lo 
= 
‘< 
7) 


Detect SAM 
Last Address 


Sout(DRO) 


Figure 2. Block Diagram for Special Read Transfer 
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Figure 3 shows special read transfer operation sequence. 
QSF flag indicates that reading out from data register has 
finished (data register empty flag), and special read transfer 
can be executed while QSF is high. At first, special read op- 
eration starts by executing a special read initialization cycle. 
So QSF becomes high, the processor gives row address 
and SAM start address, which is needed next, to the memo- 
ry, and inserts a special read transfer cycle. Data register 
becomes full after a special read transfer cycle, so QSF be- 
comes low during the cycle. When the last SAM address is 
accessed, QSF becomes high and the data register, which 
outputs from the next SAM address, changes, and serial ac- 
cess can be executed. 

By executing these handshakes, serial clock and transfer 
cycle can be executed perfectly asynchronously, and flexibil- 
ity of the system design is improved. 

Special read transfer cycle is set by making CAS high, 
DT/OE low, WE high, and DSF high at the falling edge of 
RAS (same as for special read initialization cycle except 
DSF). Like in other transfer cycles, the address of the word 
line to transfer into data register is specified by row address 
and SAM start is specified by column address. When the 
last SAM address data is output, the next data is output 
from the SAM start address specified by this RAS cycle. 
This transfer cycle can be executed asynchronously with 


RAM 


; > DORI 
Multiport 


Video RAM —_ 


initialization Read/Write a —_ 


Operation cycle 
Cycle 


‘go address 


Y=255 Y=i i+ 


SAM cycle. However, it is necessary to execute SAM access 
after RAS becomes high after SAM start address is speci- 
fied by RAS cycle. (See Figure 4). 

QSF should be high at the falling edge of RAS to execute 
a special read transfer cycle. A cycle whose QSF is low is 
neglected (refresh is executed). When the previous transfer 
cycle is a pseudo transfer or write transfer cycle and SI/O is 
in input state, special read transfer cycle cannot be used 
(neglected). Special read initialization cycle is required to 
switch S!I/O to output state. 


Pseudo Transfer Cycle (CAS High, DT/OE Low, WE Low, 
and SE High at the Falling Edge of RAS) 


Pseudo transfer cycle is available for switching SI/O from 
output state to input state because data in RAM isn’t rewrit- 
ten. This cycle starts when CAS is high, DT/OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in SI/O becomes high impedance within tsaz (max) 
from the RAS falling edge. Data should be input to SI/O lat- 
er than tsip (min) to avoid data contention. SAM access be- 
comes enabled after tspp (min) after RAS becomes high, 
like in the special read initialization cycle. In this cycle, SAM 
access is inhibited during RAS low, therefore, SC should not 
be raised. 


RAM 
> DRO 


— read caer ay 
aE transfer ara /Write 


Eakin cs 
=| 


Y=255 Y=) 


$!/0 
( sas Output from DRO Output from DRI 


Figure 3. Special Read Transfer Operation Sequence 
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(Special read 
transfer cycle) 


Address 


(254) 





HM538123 Series 


min Ons | 


(Yk+1) 


Row address Xj data 


Figure 4. The Restriction of Special Read Transfer 


Write Transfer Cycle (CAS High, D DT/OE Low, WE Low, 
and SE Low at the Falling Edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tsap (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 


¢ SAM Port Operation 


Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is special read initialization cycle or special read 
transfer cycle. Access is synchronized with SC rising, and 
SAM data is output from SI/O. When the last address is ac- 
cessed at the state of QSF low (data register is full), it is 
signaled to external circuits that special read transfer is en- 
abled by making QSF high. Next, after SAM access, output 
data register is switched, then the row address data given 
by previous special read transfer cycle is output from the 
SAM start address. If special read transfer isn’t performed 
(QSF high), the column address 0 of the same row address 
is accessed after the last address is accessed. 


Serial Write Cycle 


if previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/O 
data isn’t input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can be 
used to mask data for SAM. 


e Refresh 


RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 


RAS Only Refresh Cycle: RAS only refresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter- 
nal circuits. In this cycle, output is high-impedance and pow- 
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HM538123 Series] 


er dissipation is less than that of normal read/write cycles RAS only refresh cycles because CAS circuits don’t operate. 
because CAS internal circuits don’t operate. To distinguish 
this cycle from data transfer cycle, DT/OE should be high at 
the falling edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by activat- 


Hidden Refresh Cycle: Hidden | refresh cycle performs re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 


ing CAS before RAS. In this cycle, refresh address need not SAM Refresh 
to be input through external circuits because it is input SAM parts (data register, shift register, selector), orga- 
through an internal refresh counter. In this cycle, output is in nized as fully static circuitry, don’t require refresh. 


high impedance and power dissipation is lowered like in 


m@ ABSOLUTE MAXIMUM RATINGS 


Note: 1. Relative to Vg. 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Parameter Symbol 


ae <I 


Vcc I 


Notes: 1. All voltages referenced to Vs. 
2. —3.0V for pulse width < 10 ns. 


l, 


Nw 


e DC Electrical Characteristics (Ta = 0 to + 70°C, Voc = 5V 410%, Vsg = OV 


P ; ie HM538123-10 HM538123-12 HM538123-15 
arameter modo 


Icc1 


~~ 


Note 
RAM Port SAM Port 
CAS SC = Vy, SE = Vig 
SE = Vy, SC Cycling 
tscc = Min 
SC = Vj, SE = Vig 


SE = Vj, SC Cycling 
tscc = Min 


RAS Cycling | SC = Vit» SE = Vin 


CAS = Vin | SE = Vj,, SC Cycling 
tscc = Min 


SC = Vy, SE = Vin 


SE = Vj,, SC Cycling 
tscc = Min 


SC = VIL; SE = Vint 


SE = Vj, SC Cycling 
tscc = Min 


SC = Vj,,SE = Vin 
SE = Vjz, SC Cycling 
tscc = Min 


S 
= 
ot 







E 
o 
E 
o 
E 
> 


Operating 
Current Icc7 


Icc2 


= 
_— ae ae 
Sa a 


RAS Only Icc3 
Refresh 


ce 

ca 

Current Icc9 = 

aes ee] 

ie Feef = P| | 
ever 

Refresh 

Data |Iocs | — | % | — | 


Transfer 
Current Iec12 125 


ee le|= f= 
BiB IB; B IB! B IB] B 
5 |s/s [es |e/s |e) [ele 


— 
nN 
mn 
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HM538123 Series 
e DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


F ; eae HM538123-10 HM538123-12 HM538123-15 en Heat Condit Nos 
arameter moo nl es onaitions ote 


Input Leakage 
Current 


LI 
cuttaiae ly, | - | wo | -w | w |W 
vate | You | 24 | ~ [| ~ [| ~ |v tone n2me 
vote” | vou | — | # | = | m | = | 04 |v fron tome 


| 
— 
i) 
| 
— 
© 
— 
ie 
— 
Ss 
a 
> 


Address Ci 5 pF 


e AC Characteristics (Ta, = 0 to +70°C, Voc = 5V +10%, Vsg = OV)1. 11 


Item Symbol Typ | Max | Unit 


Test Conditions 


Input Rise and Fall Time: 5 ns 
Output Load: See Figures 
Input Timing Reference Levels: 0.8V, 2.4V 
Output Timing Reference Levels: 0.4V, 2.4V 


Output Load (A) Output Load (B) 


lon== —2mA lon== —2mA 
—_—_—— —S 


lor. =4.2mA lo. =4.2mA 


Se a Sy ed 


100pF*? 





Note: 1. Including scope & jig. 
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HM538123 Series 


Common Parameter 


Unit Note 


‘ ; Sumbol HM538123-10 HM538123-12 HM538123-15 
arameter mbdo 


| | Max | 

aoe or Write ig 190 Loe | 70 ve! 260 

RAS Pulse Width tRAS 120 10000 150 

Row Address Setup Time tase | Oo | — | =a 
ad ae 
Led a 


| Re 

| tras 

| tcas | 

| tase | 

| RAH | 

Column Address Setup Time | tasc | 0 | 
Column Address Hold Time 
CAS to RAS Precharge Time | tere | 1 | — | 

Transition Time (Rise to Fall) 50 
Refresh Period |teer | = [| 8 Ld 

DT to RAS Setup Time ii | = | 
DSFtoRASSetupTime | _tsrs_ | 0 | ~~ | oT | 
Data-in to OE Delay Time | tp | 0 | — | | | 

Data-in to CAS Delay Time | tpze | 0 | — | a 


Read Cycle (RAM), Page Mode Read Cycle 


HM538123-10 HM538123-12 HMS538123-15 
Min Max 


ax 


: 
we 
pp 
, 
— — 
ads 
NN 


as 
So 
~I 


Parameter Symbol Unit Note 


F 


Access Time from RAS trac | — | 100 | 120 150 2,3 
Access Time from CAS a ae 3,5 


ww | Go 
+ 


Go 
mn 


Access Time from OE toac 40 


45 0 


Ww 
1] 


Address Access Time tad 


Output Buffer Turn-off 
Delay Referenced to CAS 


| toac 
[torr 
Output Buffer Turn-off_ 
Delay Referenced to OE tOFF2 
| tres 
Ea 


~] 


3, 6 
30 


aN 
oS 


ot 
O 
ies! 
ves | 
Joma 
wr a 
w oe) 


Read Command Setup Time tRcs 
12 


Read Command Hold Time tRCH 


Read Command Hold Time ‘ 
Referenced to RAS RRH 


RAS to Column Address 
Delay Time 


10 


— 


nn 


0 12 


5, 6 


WG 
GN 


- 
vs] 
> 
) 

i) 

nr 

w 

rn 


Page Mode Cycle Time tpc 65 


CAS Precharge Time tcp 


Access Time from t 
CAS Precharge ACP 


2 


i) 


— 
a 


Lo) 


Nn 
i) 
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HM538123 Series 
Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


HM538123-10 HM538123-12 HM538123-15 ae 


Parameter Symbol Note 


F 


Write Command Setup Time twcs 9 
Write Command Hold Time twcH 
Write Command Pulse Width tw 
Write Command to RAS Lead Time tRWL 


Write Command to CAS Lead Time tCcwL 


Data-in Setup Time 


lw] 
° 


ot | ot 
om | rg 


in Max 
25 
15 
30 
30 
25 
15 
15 
10 
55 
10 


| Min | Max _| 
tO et 
ae 

oe 
a ae 
Ea ed 
foes | 
ps | 
aaa es 
a ae 
aes 
aS 
ae ae 
ae 
pag Te 


S) 


Data-in Hold Time 10 
WE to RAS Setup Time tws 

WE to RAS Hold Time tw 

Mask Data to RAS Setup Time M 

Mask Data to RAS Hold Time tm 

OE Hold Time Referenced to WE toEH 

Page Mode Cycle Time tp 

CAS Precharge Time Cc 


Min Min Max 

25 30 

20 25 

35 40 

35 40 

25 30 

15 20 

15 20 

15 20 

65 

15 20 
Read-Modify-Write Cycle 
HM538123-10 HM538123-12 HM538123-15 


Parameter Symbol Unit Note 


Read-Modify-Write Cycle Time tRWC 

RAS Pulse Width tRws 10000 10000 

RAS to WE Delay tcwp 

Column Address to WE Delay tawD 9 


OE to Data-in Delay Time topD 


M 
1 
4 
4 


Access Time from RAS tRAC 00 2,3 
Access Time from CAS 3 
Access Time from OE 3 


Address Access Time tad 
RAS to Column Address Delay t 


20 55 


i 
5 
5 
0 
0 


ot fae 
nL Dn 


2 


ple 
nn 
—_— 
Bl wl wo] = 
MaA!lo!]oe 
: 


Max ax 
120 50 
35 0 
35 0 
5) 70 
65 
30 40 


RAD 
Referenced to OE tOFF2 


Read Command Setup Time | trees | 0 | — | 0 | 
Write Command to RAS Lead Time | tewe | 30 | — | 35 | 
Write Command to CAS Lead Time | town | 30 | — | 35 | 
Write Command Pulse Width 20 


Data-in Setup Time tps a a ee ae 10 


WE to RAS Setup Time 


Mask Data to RAS Setup Time lipase. = Oe. as eee [ee 
Mask Data to RAS Hold Time te Se le eee ee | 
OE Hold Time Referenced to WE toEH ee a a ae 


\o 


90 
a 
=a 
as 
sz 
ec 
Cea 
Lo! 
aay 
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Refresh Cycle 
: Sas HMS538123-10 HM538123-12 HM538123-15 Unit Not 
arameter mbo ni ote 
CAS Setup Time 
Gasmekasriey |e | @ | - | » | - |» | = |» 
CAS Hold Time 
Gupackisreny [vom | ® | — | » | - | » | = | o 


Transfer Cycle 


Unit Note 


Cs 
ae ee 
ce er eas 


be) 
al 


JE 


RAS to SC Delay Time tsRD 
SC to RAS Setup Time tsrs 


ot 


an 


5 
Lo) 


RAS to QSF (High) Delay Time tROH TBD TBD 
Q 
Serial Data Input Delay Time 
Serial Data Input to RAS t 10 
Delay Time SZR 
7 


came [we fe fe [fe | 
mee fee | [=| 

Serial Clock Cycle Time tcc | 30 | — | | 60 | 
Serial Data-out Hold Time ton | 7 | — | 7 | — | o7 | 


Serial Read Cycle 


3 
wn 


~— 
fan) 


oi 
J 


Parameter 


| 
er ae 


SC Pulse Width 


tsc 10 
SC Precharge Width 


ee i a ee eS 
Serial Output Buffer Turn-off t 15 25 30 7 
Delay from SE SEZ 
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HM538123 Series 


Serial Write Cycle 


Serial Write Disable Setup Time tswIs 
Serial Write Disable Hold Time tswIH 


[Min [Max [Ma [Max [Min [vax 

Serial Write Enable Hold Time 0 oe ee eee ee ee 
| tswis sz 

| tswin_| o | — | 


Flash Write Cycle 


Mask Data to RAS Setup Time tms 
Mask Data to RAS Hold Time tmH 


Notes: 1. 
2. 


Ce Se a a 
Reference to RAS 
=a ae 
ae ee | ns 


IH” hh W 


10. 


11. 


12. 


HM538123-10 HM538123-12 HM538123-15 
Parameter Symbol ; Unit Note 
Min Max Min Max Max 
M 


w Ww 
[on>) 
w 
GN 


Parameter Symbol Note 


HM538123-10 HM538123-12 HM538 123-15 ak 
ni 
Min Max Max 





in 
10 
10 
5 
0 
0 
in 
10 
00 
20 
30 
20 


— 
in 


AC measurements assume ty = 5 ns. 
Assume that tpcp < trcp (max) and trap S trap (max). If trep or trap is greater than the maximum recommended 
value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
. Measured with a load circuit equivalent to 2 TTL load and 50 pF. 

. When trcp 2 trcp (max) and trap S$ 

. When trcp ¥ trcp (max) and trap 2 trap (max), access time is specified by ta. 

. torr (max) is defined as the time at which the output achieves the open circuit condition (Voy — 200 mV, Voy + 


tRAD (max), access time is specified by tcac. 


200 mV). 


. Vir (min) and Vy, (max) are reference levels for measuring timing of input signals. Transition times are measured between 


Vig and Vy. 


. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 


condition. When tawp 2 tawp (min) and tcwp 2 tcwp (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data out pin and input data is written into the selected address. In this case, impedance 
on I/O pins is controlled by OE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

After power-up, pause for 100 zs or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

If either trcy or trry# Is satisfied, operation is guaranteed. 
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m@ TIMING WAVEFORMS 
e Read Cycle 


MMM 
le 


‘Sil. 
We A | 


[tan 
1/0 


se ee 
vais SS 
(Output) 
| he 
nae eee a 
“ a 
or/oe “A NULLU A | oe 


FS tse 


os TA WLLL spatter 





e Early Write Cycle 


RAS : 
re 


tere | 


tac 
7 
CAS | teas | 
ASR : toan 
LLL Le 
twon 


t 


ae 
Address yy, Cor} Nf, { Column J GILL LL hhh fi 


we >t a4 Oh VIII 


Ft | 


i, Dk st SCM Bis LLL 


1/0 High-Z 
(Output) F ton 
tors 


B1/0E ZT] \ LLL LLL 


tsrs 


0 2 | WIZE 
: Don’t care. 





0111-10 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series 


¢ Delayed Write Cycle 


og | RNR emer: A cocerseeeseneary cary 
ais ame 

Address os KX coumn KYM LLL, 
re 

WE d Es Sh" VU 


al | URL 
WD st WOK WII 


1/0 High-Z 


(Output) ili 
tsrs 


os BN WLLL 
(7/4: Don't care. 


0111-11 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


e Read-Modify-Write Cycle 
tawe = 
=F i 
Address J/X Row | Column | VL, Ly 


« 77 Seva 


hee 4, amis KUM LL, 


1/0 [seer ee Valid 
(Output) a ft 


OT/ Zt =e ZL 


os TN WLLL 
(// 4. Don't care 


0111-12 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series 
e Page Mode Read Cycle 


hdres ee ED SDE sum 5 =—— 
= X % 
a 


torr: 


val et (vai 
ait 


(in se ! Hel oe oe Pio 
DI/OE ae Bk a 


ee nl WLLL? 


Gi i ut) 





e Page Mode Write Cycle (Early Write) 


Je te i 
. ~ VT IIIIIII1 
Ld 


ve a J iia ITLL 


0, nO We VT EWI EWI 


High-Z 


tink we PTT TIT 
oe AP VT TTL LLL 


(77) : Don't care 





0111-14 
Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series 


e Page Mode Write Cycle (Delayed Write) 


ite a TILDE a ae 


we HE om 7a 7 ZZ VILL MMMM 
2, 7 READ = INEM 


i ian to al 


DI/OE / Ail MMMM IMAM LL 
ost a “VW LLL LLL 


: Don't care 





Note: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 


e RAS Only Refresh Cycle 


une 7 cc (LLL 
ne 7a 
(input) 4 exam 


j ain ALLILLLLLLLLLLLLLLLLLULUUU”U_ 


D ALL 
: Don’t care. 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 1213 





HM538123 Series 
e CAS Before RAS Refresh Cycle 


Address 


WE 


1/O 
(Input) 


1/0 
(Output) 


DOT/OE 


§  KLLLLLLLLLLLLLLLLLL LLL Ma 
: Don't care. 





e Hidden Refresh Cycle 


Address 1K Se TT —— sccenee ew 


we ML ZH | __ MLL 
je bie pat 


pee Valid Data Out 


- 


High-Z 


1/o 
(Input) 


OSF 72) “WLLL 


: Don't care. 
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SSSSSSSSeSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFSSSSSMS"— HM538123 Series 
© Special Read Initialization Cycle (1)*1, “2 


ey) oe tee TLL 


ame TD TO UMMM, 


(I TLL 


ea sh, ae Pe | 
mmm “1 
Valid 


meen d tsca 077) : Don’t care 


a VTL." 


Notes: *1. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as 
special read initialization cycle (1). 
*2, SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


(Output) 





¢ Special Read Initialization Cycle (2)*1, *2 


Address XI york PRLLLLLELPLLILLLLALULLLLALL ALLL 
ae 1H RTT 


ZL {LITTTTLTIT 
NI WLLL LLL, 


tse| 
FAH 
° iN 


$1/0 
(Output) 


poeitsze 
S1/O \F Valid 
(input) —- 
tsrs| | ba V/A : Don't care 


KX ° Inhibit rising transient 


ost ZN "' W770 bo ae 





0111-20 





Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization cycle 
(2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM538123 Series 
e Special Read Transfer Cycle *1, “2 


Address io a 
we // Som 


1/0 | High-Z 
(Output) 


(np) ALLL LELLTLELLLLILELLL LLL ELLE LLL LLL 


DITOE We LLL LLLLLLLLLLELLLLLLLLLLLLLLLLLLLLLLL 


SC tso NO 


| . t son 
pane CEB 11), CED OTTT vane son YU] 7 Xian Soa) 7) 
S1/0 | High-2 
(Input) 


QSF tsrs | 


tsen 


Barend 
ose ///] CTL LLL LLL LL ®ZZ,: Don't care. 


0111~21 





Notes: “1. When QSF is low level at the falling edge of RAS, the special read transfer cycle is not performed. 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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¢ Pseudo Transfer Cycle 


tas 


gta 


Lh ee 
address 7M YW SAM Start atcress W////////// LLL 
LLL, UL, 


te aa 
We ni VUMLLLLLLLLL. 


UMD 
prot TAN TT 


ge YZ je LLL LLLLLL LLL ALLLLLLLLL 
| RN 
tans yas. iO tsi 
s/o | | 
(Input) 
$1/0 
emo) Ti 4/7, \ Don't care 


XD} | Inhibit rising transient 
QSF \/O : Don't care 





0111-22 
Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


e Write Transfer Cycle 


TS ots ee ae 
peasy pte [fey 

noes TW te NTT 
(Amoi 


ime TOT 


fT MOTO 


(5/0 Wane se NOTTTTTTIUILILILN, eae 5 NT 5 


si/O High-Z 
(Output) 





(777 : Don't care 


QSF HYVw : Inhibit rising transient 





0111-23 


Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM538123 Series 
¢ Serial Read Cycle 


(Output) 


: Don't care 


0111-24 


Mo, END NTT TDD 


tsi tsis tsi 


: Don't care. 





0111-25 


Note: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address 0 is accessed next to address 255. 
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HM538123 Series 


¢ Serial Read Cycle (Around Address 255 in SAM) 


si/O 
(Output) 





0111-26 


Note: *1. Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle 
isn’t executed (QSF remains in high level), address 0 is accessed next to address 255. 


e Color Register Set Cycle (Early Write) 


« ee 


| ox 
2, TOTTI, MULL 


tors torn). 


moe Tt I WLLL 


tsrs tsen 


= UF MMMM 


tase tr 


mascress T/L 


VZZQ : Don't care. 


0111-27 





Note: *1. The level of address pin is don’t care, but cannot be changed in this period. 
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Color Register Set Cycle (Delayed Write) 


2s 


[ftws Lt VA WOTTTTULL LL. 
i 


linet (TITTLE 3 TTL 


DT/OE ye an ie OM 


DSF ir I “WLLL 
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[ZZ : Don't ca 





Note: *1. The level of address pin is don’t care, but cannot be changed in this period. 
¢ Flash Write Cycle 
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131,072-Word x 8-Bit Multiport CMOS Video RAM 


m@ DESCRIPTION 


The HM538123A is a 1-Mbit multiport video RAM 
equipped with a 128k-word x 8-bit dynamic RAM and a 
256-word x 8-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has a logic opera- 
tion mode by internal logic-arithmetic unit and a write mask 
function. In addition, it has two modes to realize fast writing 
in RAM. Block write and flash write modes clear the data of 
4-word x 8-bit and the data of one row (256-word x 8-bit) 
respectively in one cycle of RAM. And the HM538123A 
makes split transfer cycle possible by dividing SAM into two 
split buffers equipped with 128-word x 8-bit each. This cycle 
can transfer data to SAM which is not active, and enables a 
continuous serial access. 


M@ FEATURES 


e Multiport Organization 
Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 
RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 


e Access Time RAM................ 80 ns/100 ns (max) 
BAMei views seveisesaead 25 ns/25 ns (max) 
e Cycle Time BAM nosso candies 150 ns/190 ns (min) 
SAM ie aiscpswsou ao aareuecd 30 ns/30 ns (min) 

e Low Power 
Active PAW ated ete eee yeas eos: 360 mW (max) 
SAM sca sdecedew ad weeks os 280 mW (max) 
SlANGDs tks dccasheteees betes aces 38.5 mW (max) 


¢ High-Speed Page Mode Capability 

e Logic Operation Mode Capability 

e Mask Write Mode Capability 

e Bidirectional Data Transfer Cycle between RAM and 

SAM Capability 

e Split Transfer Cycle Capability 

e Block Write Mode Capability 

e Flash Write Mode Capability 

e 3 Variations of Refresh (8 ms/512 cycles) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

e TTL Compatible 


@ PIN DESCRIPTION 


Pin Name Function 
Ao—Ag Address Input 
I/O9-1/07 RAM Port Data Inputs/Outputs 
SI/Op-SI/O7 SAM Port Data Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
DT/OE Data Transfer/Output Enable 
SC Serial Clock 
SE SAM Port Enable 
DSF Special Function Input Flag 
QSF Special Function Output Flag 
Vcc Power Supply 
Vss Ground 
NC No Connection 





Preliminary 


HM538123AJ Series 


3DCP40D 


3DZP40 
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@ PIN OUT 


HM538123AJ Series HM538123AZ Series 


OON RDO AWDND — 


MUU 
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0089-2 


(Bottom View) 















Package 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 
475 mil 28-pin 
Plastic ZIP 
(ZP-40) 





HM538123AJ-8 
HM538123AJ-10 










HM538123AZ-8 
HM538123AZ-10 
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HM538123A Series 
mM BLOCK DIAGRAM 
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Control 
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Logic Operation 
Unit 
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m@ PIN FUNCTIONS 


RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
the HM538123A. 


CAS (input pin): Column address and DSF signal are fetched 
into chip at the falling edge of CAS, which determines the 
operation mode of HM538123A. CAS controls output imped- 
ance of I/O in RAM. 


Ao—Ag (input pins): Row address (AXg—AXg) is determined 
by Ao-Ag level at the falling edge of RAS. Column address 
(AYo-AY7) is determined by Ag—A7 level at the falling edge 
of CAS. In transfer cycles, row address is the address on 
the word line which transfers data with SAM data register, 
and column address is the SAM start address after transfer. 


WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538123A turns to mask write mode. According 
to the I/O level at the time, write on each I/O can be 
masked. (WE level at the falling edge of RAS is don’t care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 


1/Og-!/07 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. In 


¢ Table 1. Operation Cycles of the HM538123A 


HM538123A Series 


block write cycle, they function as address mask data at the 
falling edge of CAS. 


DT/OE (input pin): DT/OE pin functions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 


SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 


SI/Op-S!/O7 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
S1I/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 


DSF (input pin): DSF is a special function data input flag pin. 
It is set to high at the falling edge of RAS when new func- 
tions such as color register read/write, split transfer, and 
flash write, are used. DSF is set to high at the falling edge 
of CAS when block write is executed. 


QSF (output pin): QSF outputs data of address A7 in SAM. 
QSF is switched from low to high by accessing address 127 
in SAM and from high to low by accessing 255 address in 
SAM. 


Input Level at the Falling Edge of RAS DSF at the Falling ; 
H Read/Mask Writ 


Note: X: Don’t care. 
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@ OPERATION OF HM538123A 


e RAM Read Cycle (DT/OE high, CAS high and DSF low at 
the falling edge of RAS, DSF low at the falling edge of CAS) 


Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data outputs through 
I/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (taa) and RAS 
to column address delay time (trap) specifications are add- 
ed to enable high-speed page mode. 


¢ RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) (DT/OE high, CAS high and DSF low 
at the falling edge of RAS, DSF low at the falling edge of CAS) 


¢ Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 


When CAS and WE are set low after driving RAS low, a 
write cycle is executed and |/O data is written in the select- 
ed addresses. When all 8 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

lf WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes in high im- 
pedance. Data is entered at the CAS falling edge. 

lf WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
1/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

lf WE is set low after tewp (min) and tawp (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables read/write at the same address in one cy- 
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 


Color Register Set Cycle 


reretetetd otetatetetetcte OOD SIA 


OOOO IC) EOOOOOO 
« 0, 08000000000. 008, OKI) 
30805 Ney Co 1] or Data #5055 otee ete, 


Flash Write Cycle 


6-0-0" 0-0-0 0-0" 0°80" 00°00. 0-6- 808 00S 
ososeseseseserecesoceneseses0s0s050l0e0.8 


Se50525 
ararerererarereneterene® 


e Mask Write Mode (WE low at the falling edge of RAS) 


lf WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode which writes only to selected I/O. 
Whether or not an I/O is written depends on |/O level (mask 
data) at the falling edge of RAS. Then the data is written in 
high I/O pins and masked in low ones and internal data is 
retained. This mask data is effective during the RAS cycle. 
So, in high-speed page mode, the mask data is retained dur- 
ing the page access. 


e High-Speed Page Mode Cycle (DT/OE high, CAS high 
and DSF low at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle. In this cycle, read, write, and block write cycles can 
be mixed. Note that address access time (ta), RAS to col- 
umn address delay time (trap), and access time from CAS 
precharge (tacp) are added. in one RAS cycle, 256-word 
memory cells of the same row address can be accessed. It 
is necessary to specify access frequency within trasp max 
(100 ps). 


e Color Register Set/Read Cycle (CAS high, DT/OE 
high, WE high and DSF high at the falling edge of RAS) 


In color register set cycle, color data is set to the internal 
color register used in flash write cycle or block write cycle. 8 
bits of internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, it 
retains the data until reset. Color register set cycle is just 
the same as the usual write cycle except that DSF is set 
high at the falling edge of RAS, and read, early write and 
delayed write cycle can be executed. In this cycle, 
HM538123A refreshes the row address fetched at the falling 
edge of RAS. 


Flash Write Cycle 


/ 


Ri SCSE5C setocatetenaasecenenccens’ 
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Set color register 


*1 I/O Mask Data 
Low: Mask 
High: Non Mask 


Execute flash write into each 
1/0 on row address X1 using 


color register. 


Figure 1. Use of Flash Write 
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Execute flash write into 
each I/0 on row address 


Xj} using color register. 
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e Flash Write Cycle (CAS high, DT/OE high, WE low and 
DSF high at the falling edge of RAS) 


In a flash write cycle, a row of data (256-word x 8-bit) is 
cleared to 0 or 1 at each I/O according to the data of color 
register mentioned before. It is also necessary to mask I/O 
in this cycle. When CAS and DT/OE is set high, WE is low, 
and DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is given to I/O. Mask data is the same as that of 
a RAM write cycle. High I/O is cleared, low I/O is not 
cleared and the internal data is retained. Cycle time is the 
same as those of RAM read/write cycles, so all bits can be 
cleared in 1/256 of the usual cycle time. (See figure 1.) If 
this cycle is executed in logic operation mode described lat- 
er, the logic operation mode is reset only in the cycle and 
masked data in this cycle is written. 


¢ Block Write Cycle (CAS high, DT/OE high and DSF low 
at the falling edge of RAS, DSF high at the falling edge of 
CAS) 


In a block write cycle, 4 columns of data (4-word x 8-bit) 
is cleared to 0 or 1 at each I/O according to the data of 


HM538123A Series 


color register. Column addresses AO and A1 are disregard- 
ed. The data on I/Os and addresses can be masked. |/O 
level at the falling edge of CAS determines the address to 
be cleared. (See figure 2.) If this cycle is executed in logic 
operation mode described later, the logic operation mode is 
reset only in the cycle and masked data in this cycle is writ- 
ten. 


e Normal Mode Block Write Cycle (WE high at the falling 
edge of RAS) 


The data on 8 1/Os are all cleared when WE is high at 
the falling edge of RAS. 


e Mask Block Write Mode (WE low at the falling edge of 
RAS) 


When WE is low at the falling edge of RAS, HM538123A 
starts mask block write mode to clear the data on an option- 
al 1/O. The mask data is the same as that of a RAM write 
cycle. High I/O is cleared, low !/O is not cleared and the 
internal data is retained. The mask data is available in the 
RAS cycle. In page mode block write cycle, the mask data is 
retained during the page access. 


| Color Register Set Cycle | | Block Write Cycle | | Block Write Cycle | 


o. Ad ote AAADS Ie 
oe 2 @ 6 2. Oo © OR OOOO 
anes teen cavonecesy af : Netetetetorate 
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ietesenened ececeean 
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Address Mask Data 
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Column! (Ag=1,A,;=0) Mask Data 
Column2 (Ag=0,A;=1) Mask Data 


Column3 (Ajg=1,A;=1) Mask Data 
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Low: Mask 


High: Non Mask 


Figure 2. Use of Block Write 
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e Transfer Operation 


The HM538123A provides the read transfer cycle, split 
read transfer cycle, pseudo transfer cycle, write transfer cy- 
cle and split write transfer cycle as data transfer cycles. 
These transfer cycles are set by driving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 


(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle). 


Read transfer cycle and split read transfer cycle: RAM 
to SAM 


Write transfer cycle and split write transfer cycle: SAM 
to RAM 


Determine SI/O state (except for split read transfer cycle 
and split write transfer cycle). 


(2 


— 


Read transfer cycle: SI/O output 


Pseudo transfer cycle and write transfer cycle: SI/O 
input 


(3 


— 


Determine first SAM address to access after transferring 
at column address (SAM start address). 


SAM start address must be determined by read trans- 
fer cycle or pseudo transfer cycle (split transfer cycle 
isn’t available) before SAM access, after power on, and 
determined for each transfer cycle. 


Read Transfer Cycle (CAS high, DT/OE lo 
DSF low at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE 
low, WE high and DSF low at the falling edge of RAS. The 
row address data (256 x 8-bit) determined by this cycle is 
transferred to SAM data register synchronously at the rising 
edge of DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address determined by 
column address. In read transfer cycle, DT/OE must be ris- 
en to transfer data from RAM to SAM. 


WE high and 


RAS 


CAS 
Address 


T/0OE 


DSF 


ah, med, oad 


This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tspp (min) speci- 
fied between the last SAM access before transfer and 
DT/OE rising edge and tspy (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 3.) 

When read transfer cycle is executed, SI/O becomes out- 
put state by first SAM access. Input must be set high imped- 
ance before tszs (min) of the first SAM access to avoid data 
contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
SE high and DSF low at the falling edge of RAS) 


Pseudo transfer cycle switches SI/O to input state and 
set SAM start address without data transfer to RAM. 

This cycle starts when CAS is high, DT/OE low, WE low, 
SE high and DSF low at the falling edge of RAS. Data 
should be input to Si/O later than tgip (min) after RAS be- 
comes low to avoid data contention. SAM access becomes 
enabled after tgrp (min) after RAS becomes high. In this cy- 
cle, SAM access is inhibited during RAS low, therefore, SC 
must not be risen. 


Write Transfer Cycle (CAS high, DT/OE low, WE low, SE 
low and DSF low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tsap (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. Data trans- 
ferred to SAM by read transfer cycle or split read transfer 
cycle can be written to other addresses of RAM by write 
transfer cycle. However, the address to write data must be 
the same as that of the read transfer cycle or the split read 
transfer cycle (row address AXg). 


t 
+} | ESOH 


esate 


SAM Data before Transfer 


SAM Data after Transfer 





Figure 3. Real Time Read Transfer 
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Split Read Transfer Cycle (CAS high, DT/OE low, WE 
high and DSF high at the falling edge of RAS) 


To execute a continuous serial read by real time read 
transfer, HM538123A must satisfy SC and DT/OE timings 
and requires an external circuit to detect SAM last address. 
Split read transfer cycle makes it possible to execute a con- 
tinuous serial read without the above timing limitation. Figure 
4 shows the block diagram for a split transfer. SAM data 
register (DR) consists of 2 split buffers, whose organizations 
are 128-word x 8-bit each. Let us suppose that data is read 
from upper data register DR1 (the row address AXg is 0 and 
SAM address A7 is 1). When split read transfer is executed 
setting row address AXg 0 and SAM start addresses Ag to 
Ag, 128-word x 8-bit data are transferred from RAM to the 
lower data register DRO (SAM address A7 is 0) automatical- 
ly. After data are read from data register DR1, data start to 
be read from SAM start addresses of data register DRO. If 
the next split read transfer isn’t executed while data are 
read from data register DRO, data start to be read from SAM 
start address 0 of DR1 after data are read from data register 
DRO. If split read transfer is executed setting row address 
AXg 1 and SAM start addresses Ag to Ag while data are 
read from data register DR1, 128-word x 8-bit data are 
transferred to data register DR2. After data are read from 
data register DR1, data start to be read from SAM start ad- 
dresses of data register DR2. If the next split read transfer 
isn’t executed while data is read from data register DR2, 
data start to be read from SAM start address 0 of data reg- 
ister DR3 after data are read from data register DR2. In this 
time, SAM data is the one transferred to data register DR3 
finally while row address AXg is 1. In split read data transfer, 
the SAM start address A7 is automatically set in the data 
register which isn’t used. 

The data on SAM address A7, which will be accessed 
next, outputs to QSF, QSF is switched from low to high by 
accessing SAM last address 127 and from high to low by 
accessing address 255. 


SAM I/O Bus 


; 
S 
3 
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Split read transfer cycle is set when CAS is high, DT/OE 
is low, WE is high and DSF is high at the falling edge of 
RAS. The cycle can be executed asynchronously with SC. 
However, HM538123A must be satisfied tsts (min) timing 
specified between SC rising and RAS falling. SAM start ad- 
dress must be accessed, satisfying tast (min), tcst (min) 
and tast (min) timings specified between RAS or CAS falling 
and column address. (See figure 5.) 

In split read transfer, SI/O isn’t switched to output state. 
Therefore, read transfer must be executed to switch SI/O to 
output state when the previous transfer cycle is pseudo 
transfer or write transfer cycle. 


Split Write Transfer Cycle (CAS high, DT/OE low, WE low 
and DSF high at the falling edge of RAS) 


A continuous serial write cannot be executed because ac- 
cessing SAM is inhibited during RAS low in write transfer. 
Split write transfer cycle makes it possible. In this cycle, 
tsts (min), tast (min), tcst (min) and tast (min) timings 
must be satisfied like split read transfer cycle. And it is im- 
possible to switch SI/O to input state in this cycle. If SI/O ts 
in output state, pseudo transfer cycle should be executed to 
switch SI/O into input state. Data transferred to SAM by 
read transfer cycle or split read transfer cycle can be written 
to other addresses of RAM by split write transfer cycle. 
However, pseudo transfer cycle must be executed before 
split write transfer cycle. And the MSB of row address (AXg) 
to write data must be the same as that of the read transfer 
cycle or the split read transfer cycle. 


SAM I/O Bus 


tL 





Figure 4. Block Diagram for Split Transfer 
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Figure 5. Limitation in Split Transfer 


¢ SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. When SE is 
set high, SI/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 255), the internal pointer indicates ad- 
dress 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, SI/O data 
isn’t fetched into data register. Internal pointer is increment- 
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 255), the 
internal pointer indicates address 0 at the next access. 


e Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is executed by accessing all 
512 row addresses within 8 ms. There are three refresh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac- 
cessed within 8 ms. 


(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe- 
cuted by activating only RAS cycle with CAS fixed to 
high after inputting the row address (= refresh address) 
from external circuits. To distinguish this cycle from data 
transfer cycle, DT/OE must be high at the falling edge of 
RAS. 


(2) CBR Refresh Cycle: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address need 
not to be input through external circuits because it is in- 


put through an internal refresh counter. In this cycle, out- 
put is in high impedance and power dissipation is low- 
ered because CAS circuits don’t operate. 


To distinguish this cycle from logic operation set/reset 
cycle, WE must be high at the falling edge of RAS. 


Hidden Refresh Cycle: Hidden refresh cycle executes 
CBR refresh with the data output by reactivating RAS 
when DT/OE and CAS keep low in normal RAM read cy- 
cles. 


SAM Refresh 


SAM parts (data register, shift register and selector), or- 
ganized as fully static circuitry, require no refresh. 


(3 


—— 


¢ Logic Operation Mode 


The HM538123A supports logic operation capability on 
RAM port. It executes logic operation between the memory 
cell data and external input data in logic operation mode 
write cycle, and writes the result into the memory cell (read- 
modify-write). This function realizes high speed raster opera- 
tions and simplifies peripheral circuits for raster operations. 


Logic Operation Set/Reset Cycle (CAS low and WE low 
at the falling edge of RAS) 


In logic operation set/reset cycle, the following operations 
are executed at the same time; 1. Selection of logic opera- 
tions and logic operation mode set/reset, 2. Mask data pro- 
gramming, 3. CBR refresh. 

Figure 6 shows the timing for logic operation set/reset cy- 
cle. This cycle starts when CAS and WE are low at the fall- 
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by row address and I/O pin re- 
spectively at the falling edge of RAS. When write cycle is 
executed after this cycle, the logic operation write cycle 
starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi- 
fy-write cycle, which writes the operation result of external 
data and memory cell data into memory cell, is executed in- 
ternally. In this cycle, logic operation codes and mask data 
programmed are available until reprogrammed. Mask data is 
available only for one RAS cycle, in mask write cycle, mask 
block write cycle and flash write cycle. Here, the mask data 
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programmed in mask write cycle, mask block write cycle and 
flash write cycle is named as “temporary mask data’ and 
the one programmed in logic operation set/reset cycle is 
named as “mask data”. 


e Selection of Logic Operations and Logic Operation Mode 
Set/Reset 


Table 2 shows the logic operations. One operation is se- 
lected among sixteen ones by combinations of Ag—Ag levels 
at the falling edge of RAS. (A4—Ag are Don't care.) Logic 
operation codes (A3,A9,A4,Ao) = (0,1,0,1)(THROUGH) resets 


I/00-1/07 


Mask Data 


HM538123A Series 


the logic operation mode. When write cycle is executed after 
that, normal write cycle starts. However, even in this case, 
mask data is still available. 1/O must be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 


e Mask Data Programming 


High/low level of |/O at the falling edge of RAS functions 
as mask data. When !/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 





Figure 6. Logic Operation Set/Reset 


Table 2. Logic Code 
Logic Code 


> 
w 
s 


; 
— 
2) 
v~] 
— 


Spe pe PRP Rp RS fp RE TR RK I OL OT OT OL OLTOTOoOolo 


Note: Di: External Data-in. 
Mi: The data of the memory cell. 


ad 
oe! 


OUGH 
EOR 


axe 
Di-+ Mi 


| 2 
- = 
| 


Write Data Note 


Logic Operation Mode Set 


— 


Logic Operation Mode Reset 
DieMi + DieMi 

Di + Mi 
Die Mi + DieMi 


Logic Operation Mode Set 
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this cycle, is available until reprogrammed. It is advanta- Logic operation is reset during temporary mask write cy- 
geous when the same mask data continues. cle. It means that external input data is written into |/O 

Also, temporary mask data can be programmed by falling whose temporary mask data is 1. (See figure 7.) These func- 
WE at the falling edge of RAS in logic operation mode cycle, tions are useful when RAM port is divided into frame buffer 
after mask data is programmed. The temporary mask data is area and data area, as they save the need to reprogram log- 
available only for one cycle. ic operation codes and mask them. 


Logic operation 
set/reset cycle Write cycle Write cycle Write cycle Write cycle 


a 


ROG 


1"Write "O"Write 


AK 


Masked "1"Write Masked Masked 
an ly Masked "O"Write Masked Masked 


T/O03 “He "1"Write 


"O"Write "T"Write 


Logic THROUGH AND1 AND1 


Mask data are Temporary 


| set to 1/01 and mask data Is set, 
Remarks 1/02. and valid only 
Logic code in this cycle. 
“AND1" is set. (1/00 and 1/03 


are masked.) 





Figure 7. 2 Types of Mask Write Function and Logic Operation Function 
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Logic Operation Mode Write Cycle (Early Write, Delayed 
Write and Page Mode) 


Write cycle after logic operation set cycle is logic opera- 
tion mode write cycle. However, this mode is reset in block 
write, mask block write, flash write, and mask write cycle. In 
logic operation mode write cycle, the following read-modify- 
write operation is executed internally. 


(1) Reading memory cell data in given address into internal 
bus. 


Read l-word source data 


eee eR SR CEG tT AL OL eee 
| 


Read 1-word destination data 


Execute logic operation between 
source data and destination data 


Write the result of operation into 


the destination address 


(a) Normal Mode 
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(2) Executing operation between the data given in I/O pin 
and memory cell data. 


(3) Writing the result of (2) into address given by (1). 


Figure 8 shows the sequence of raster operation. Raster 
operation which needs 3 cycles (destination read, operation 
and destination write) in normal mode can be executed in 
one write cycle of logic operation mode. It makes raster op- 
eration faster and simplifies peripheral hardware for raster 
operation. 


| Execute logic operation set/reset cycle| 
a Rare ge ee ad 


Read l-word source data 


| 
| 
| 
| 
| 


Write the read data into the 
destination address 


(b) Logic Operation Mode 


Figure 8. Sequence of Raster Operation 


@ ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage 
Power Supply Voltage 
Power Dissipation 
Operating Temperature 
Storage Temperature 


Note: 1. Relative to Vgs. 
M@ ELECTRICAL CHARACTERISTICS 


V 
V 
W 
° 


C 
Cc 


Unit Note 


1 
1 


¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Input High Voltage 
Input Low Voltage 


Notes: 1. All voltages referenced to Vss. 
2. — 3.0V for pulse width < 10 ns. 


in 
j=) 
— 


| v 
¥ 


Vv LZ 
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¢ DC Electrical Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV) 


















p , ee HM538123A-8 HM538123A-10 oe Test Conditions 
arameter mbo ni 
Current SE = Vjz, SC Cycling 
at a ee ee ee ee SC = Vi, SE = Vin 
Current I 50 50 mA RAS, CAS = Vint | SE = Vyz, SC Cycling 
a tscc = Min 
RASOnly | Iocs_ | — | 65 | — | 50 | mA | RASCyatin SC = Vi, SE = Vin 
Refresh ° CAS Vir 
efres = Vin SE = Vjz, SC Cycling 
pageMode Lote _| = | 7 | — | 6 | mA | Cas cycting SC = Vin, SE = Vin 
RAS = Vit SE = Vjz, SC Cycli 
Current ; IL ycling 
joc | — i — 2 sor tscc = Min 
CAS Before [| tocs | — | 3 | — | @ |ml|ooiie SC = Vin, SE = Vin 
RAS Refresh ; - fo ce iia SE = Vjz, SC Cycling 
Current CCi1 5 mA | "Rc parece Min 
Data flocs | ~ | 75 | — | © | mA | Ras SC = Vi, SE = Vin 
Transfer SE = Vj,, SC Cycling 
ia joc | — a p= fo | ma tsoc = Min 
Input Leakage si 
Output Leakage . > 
Current ii po | nw ae 
Output High oer 
Voltage me pw [| - | | - [vl canal ies _ 
Output Low an 


Note 


Note: 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition. 


¢ Capacitance (Ta = 25°C, Vcc = 5V, f = 1 MHz, Bias: Clock, |/O = Vcc, Address = Vgs) 


Parameter Symbol 


Address Cu ca = eee aa eee 
Clock C1 ae ar 
Vosvoesr | co | 


SS 
a 
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Unit 
pF 
pF 
pF 
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e AC Characteristics (T, = 0 to + 70°C, Voc = 5V +10%, Vsg = OV). 16 
Test Conditions 


Input Rise and Fall Time 5 ns 
Output Load See figures 
Input Timing Reference Levels 0.8V, 2.4V 
Output Timing Reference Levels 0.4V, 2.4V 


Output Load (A) Output Load (B) 
Ioy=-2mA +5V Ioy=—-2mA 
os — — 

Io. =4.2mA, To. =4.2mA 
———$—$_—$_—___—_. ee EEEEananeene 
SI/0 


100pF*! 


A, 





Note: *1. Including scope and jig. 


Common Parameter 





oa ee 
Parameter Symbol - ; Unit Note 
ee ee 
Random Read or Write Cycle Time tro 150, =, es S100 ES ee Sige 
CAS Hold Time Referenced to RAS | tsH | 8 | — | 100 ee ae 
sexe [em |= [> || [| 
seer fe | |» P= tel 
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HM538123A Series 
Read Cycle (RAM), Page Mode Read Cycle 


[Min [Max | Min” [Max 
wear | wm | » | - | » | - | = | » 
Column Address to RAS Lead Time tRAL a ee ee 
Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

[Min [Max | Min [Max 
Read-Modify-Write Cycle 

do a oe 

[Min [Max | Min [Max 
Read-Modify-Write Cycle Time | tewe | 20 =| CU — Sitti 
CAS to WE Delay Time [two | 4 | — | 5 | ~ | » | 4 
Column AddresstoWE DelayTime | tawn | 65 | — | 7% | — | » | 1 
OE to Data-in Delay Time ee ee ee a a a ee ee 
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HM538123A Series 


Read-Modify-Write Cycle (continued) 


[Min [Max [Min [Max 


Refresh Cycle 


HM538123A-8 HM538123A-10 
Parameter Symbol Unit 
| Min | Max | Min | Max 
CAS Setup Time 
CAS Hold Time ' 15 0 
(CAS Before RAS Refresh) CHR 


Flash Write Cycle, Block Write Cycle 














HM538123A-8 HM538123A-10 
Parameter Symbol : Unit 
| Min | Max | Min | Max 


Read Transfer Cycle 


HM538123A-8 HM538123A-10 
Unit 


1st SC to DT Hold Time tspH 


Parameter vias Max | vit 

DT Hold Time Referenced to Column Address 2 ee ee ee eee eee 
Ist SC to Column Address Hold Time SSeS eae ae aa ee 
a 
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Note 


6,7 

7,8 
7 

7,9 


— | 
N ] & 


Note 





Note 


1235 
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Read Transfer Cycle (continued) 


[Min [Max [Min | Max 

Serial Data-into IstSCDelayTime | tsp | OF | — | 0 | — | os | 
Pseudo Transfer Cycle, Write Transfer Cycle 

eres seis 

[Min [Max [Min [Max 

emer [we [oe [o« [oe [= [i 
RAS toSerial Data-inDelay Time | tsp | 45 | = — | 50 | ts 
RAS to QSF Delay Time frp | — {| 9 | — | os | om {3 
CAS to QSF Delay Time | tog | — | 3 | ~ | @ | mw | 1 
QSF Hold TimeReferenced toRAS | tran | 20 | | | ts 
QSFHold Time Referenced toCAS | toys | 5 | =~ | 5 | = ts 
Serial Clock Cycle Time cae eee ae ee a ee ee 
SC Pulse Width eo (Ae (Se (ee ee 
SC Precharge Time pe te@e te | 
SC Access Time | tca | | | Ts ts 
SE Access Time ptea | — | 2% | ~ | 3 | mw | 1s 
Serial Data-out Hold Time ae ee ee 
Serial WriteEnable Setup Time | tsws_— | S| | — | S| os 
Serial Data-in Setup Time Fee al (A ae (On ee (Ee ae 
Serial Data-in Hold Time eee ie ee ae ae ae a ae a 
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HM538123A Series 
Split Read Transfer Cycle, Split Write Transfer Cycle 


Parameter Symbol Unit Note 


Split Transfer Setup Time tsTs 
Split Transfer Hold Time t 

Referenced to RAS RST 

Split Transfer Hold Time ' 20 
Referenced to CAS CST 

Split Transfer Hold Time 


a 
NM 
_— 


SC to QSF Delay Time topo =| lc Cd ae ae: 15 
QSF Hold Time Referenced to SC tsoH En eee ee ee ee ae 
Serial Clock Cycle Time twccc | 30 | — | 3 | — | 
Serial Data-out Hold Time tsoH ete Me ee ih ee es re 
Serial Data-in Setup Time tsIs ee: a ee a ee ee 
Serial Data-in Hold Time aie cee a ae ee an ee 
RAS to Column Address Delay Time tRAD 
Column Address to RAS Lead Time tRAL a 2 ae ee ee ee eee 
Serial Read Cycle, Serial Write Cycle 
See gt 
Parameter Symbol Unit Note 
Serial Clock Cycle Time a a 
SC Pulse Width tsc 1 1 
SC Precharge Width 
Access Time from SC 15 
Access Time from SE tsEA 15 
Serial Data-out Hold Time tsoH 
Serial Output Buffer Turn-off 
tsEZ 5 


Time Referenced to SE 


Serial Data-in Setup Time 


— 
in 


Serial Data-in Hold time tsIH 20 
Serial Write Enable Setup Time tsws 


Serial Write Enable Hold Time tswH 


in Gm] an 


— 
Lo) 
id 
So 


Serial Write Disable Setup Time tswIs 


booed 
Wn 


ww 
vw mil M 


Cad at | ot 
eZ & |e 
” S [hy 


ho 
oS 


Serial Write Disable Hold Time tswIH 


Logic Operation Mode 










Parameter 






CAS Setup Time 
(CAS Before RAS) 


CAS Hold Time 
(CAS Before RAS) 
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Logic Operation Mode (continued) 


RAS Pulse Width tFRS 


HM538123A. HMS538123A-10 
Max 


i 
— 
NO 
nn 
— 
S 
So 
jo) 


-8 
Parameter Symbol Unit Note 
| Min | Max | Min | Max | 


Column Address to RAS Lead Time 


Page Mode Cycle Time tEpc 70 ee Se ee eee a 
RAS Hold Time Referenced to CAS tFRSH en ee ee ee ee ee 
CAS Hold Time Referenced to RAS tECSH he ness 8 

= 


Column Address to CAS Lead Time 


—_ 
S 
— 
nN 
LF) 


Za |z |g Z 
Q va 
didi 


| 100 
| ps 
Oe sd | ns 
es | ons 
| 100 | ns 
| | ms 
ie] | ns | 
RAS to Column Address Delay Time | ons 
Write Command Pulse Width twp ee ee ee ee ee 
Notes: 1. AC measurements assume tr = 5 ns. 


1238 


2, 
8 


15. 
16. 


When trcp > trcp (max) or trap > trap (max), access time is specified by tcac or tag. 
Ving (min) and Vy, (max) are reference levels for measuring timing of input signals. Transition time ty is measured between 
Vin and Vy. 


. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 


cycle, either tp7c (min) or tpzo (min) must be satisfied. 


. torr] (max), topf2 (max) and tgpz (max) are defined as the time at which the output achieves the open circuit condition 


(Von — 200 mV, Voy + 200 mV). 


. Assume that trop Ss trcp (max) and trap S$ trap (max). If trcp or trap is greater than the maximum recommended 


value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
. When trcp 2 trcp (max) and trap <= trap (max), access time is specified by tcac. 

. When trcp * trcp (max) and trap 2 

. If either trcy or trry# is satisfied, operation is guaranteed. 

. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 


trRAD (max), access time is specified by ta. 


condition. 


. These parameters are specified by the later falling edge of CAS or WE. __ 
. Either tepp (min) or topp (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 


applying data to the device when output buffer is on. 


. When tawp 2 tawp (min) and tcwp 2 tcwp (min) in read-modify-write cycle, the data of the selected address outputs 


to an I/O pin and input data is written into the selected address. topp (min) must be satisfied because output buffer must 
be turned off by OE prior to applying data to the device. 

Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

After power-up, pause for 100 ys or more and execute at least 8 initialization cycles (normal memory cycle or refresh cycle), 
then start operation. 
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m@ TIMING WAVEFORMS 
e Read Cycle 


tasR tRAD——»1¢—_ fee Sarena 
tRAH eS 
© RR 
Address Ba TI — is Sar 


oo 


CS PP ey 


tcoo— > 


Valid Dout 


+—> 


:Don't care 
0089-15 


CAS 1 


Address #8 er Column iy 


twos-> 
PON 


put) Bese “l Data | Mask Data KM ValidDin | sal 
le Eis i 


AT/NE | IONS 


Oo arereva tote one 
ese, reece re! Penne" NE oe 
OT/0E Strachan arts renner 


OSF 


0089-16 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538123A Series 
¢ Delayed Write Cycle 


CAS 


tasc WCAn 
a a RATER REAR ONO Oe A ONC a 
1 meee, ont, orene, eee! ese, RSM NO corer o NAA hyt we 
Address Sex Soi Column eee eter emma ncraes 
mt RWt - -—-> | 
—tcut ——+| 
a3 ES 


RS SOOPER 


+tos>|it-ton—> 


oN VENER 00S 
py Valid Din LEE 


torF2—> 
topo toeEH> 
SRG SHORE CLO I ACORO 
Cone Socprereteretondn crete EES . reeae as 


Cy CEN Ee RR NR RT 


A, ASA AA (AAAA On} 
SSSR ASR ERAS OL OT SRSA ORR 
atetacararetetetatetanecetetetetetete- settee mtntarerererewrerdnateretetetatetetetetataten setae 


revere 


Reseed - Don't care 


eeeee 





0089-17 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 





e Read-Modify-Write Cycle 


SP; SERIO RRR TELNET AO SEN 
Address . esccocevecen Sos Reece PRES erotePatae 


setaceceepte SOS 
trwEos> 
tcw — 
(ARS ee essseahyr 


ORES 


| tos? K-toH—> 


ED Mask Data KB Bi Valid Din KEE 
<3] aa 
ey NEaROaN Se 


:Don't care 
0089-18 


Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538123A Series 


PC 
tcp——>| H-tcas—>| t—-tcp—> 


‘stesecerred Ro 


LEIRRRS Sy 


Valid Dout $ 
‘coo 


TERR 


rs otetetp: Sone 


trac 
tRAS 


tCSH ——tpc 
trco—— tras tcp-——>| K-tcas 


Wee 


eee are 


TERN EC WORE 
PRA NER SS SS 


SEES 
Ce SEEM Valid Din | F valid Orn | Oin CRE RY { valid Din | See Din SOR CORRES 


oS 
SN CR eee 


Bat Seen "are! EE, ETS “a 
PEST ReR CaS SE Pore Bae agone re Soc 


‘ote’ ae 8 @ SS 


picwusesvbareseteserecesecenes 


Don't care 
0089-20 


Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538123A Series 
¢ Page Mode Write Cycle (Delayed Write) 


tcp 


PP? 
OOOO 
Deseo 
fecececens 


SOY 


0089-21 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 





¢ RAS Only Refresh Cycle 


trp————+ 


trec->| 
EERE SACO 
Rome 


seasscaaPamanemotnd eatatcontocesotetest poet onmeonaoate 
* Snes Bn 


eset ata Pata ans aaa te an aaa e 


RSA ORS wceecncen AyAs "5 Se Sek 
BSA RS a ee es 


000 
torts toTH+ 


SARS RR a Re 
a ney SSS % BRN Rees sree 


Re :Don't care 
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¢ CAS Before RAS: Refresh Cycle 


<—trPc 
tcp + 


TSSOP OOS ae pN 


CAS 


Ree 


l 
a 
eo 
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! 
sie 


tcsr-——> tcHR-—> 


Asien Inhibit Fallir.g Transition o sees 


ore 
e! 

Ono 
OR oe 


OO 
O 
anv sepney 


RATIO OOO OU ORES 
2”, O < se e,' 4 


© a Me on Se oe POD) oe onngene et, 


LAA é; O () () O O o 
weasatetegserneceettes Se 
BPR OTR RM OA 


SEE Cements Le NRT in OOOO ee 
2. CA) °, 2.8. 0 %e%e “ee o. SOON "e: S250 nest, o. en ie m2 oneptecacneren. ohana sf < 


SOS Sea SSeS oar oR 


0089-23 


O O A ,, ‘ ’, -; é, 
etaPatetete eratetetotetene 


cata PPctateateatetatd 
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¢ Color Register Set Cycle (Early Write) 







0 tos>l ton 
sSaloccecarenetecececeeecatbeocbnnconeeterereccsceceeren FREON CORO TORN Dera ne 
nput) Sees BE Color Oata Kee ane room ae one one ma ROS 


















Arner Wale veretoraproterererera eens tose eeasaracscane Cece Oped wovatevetacerorororernceeacuacoy 
Meenoceuesece, poser, eee, ote. oeeee, ose ateteeetee, ee. A, oocesee tate! ooeee, cas eo dP atetete a 
OT/OE CER nee Re 







LOSS IOS POI AG 
SS SAREE 


O 
ofa ore wena wa Wwe ee Pare WS ereree e888 ea*are' 











0089~25 


AX x ATS wa sesetesotetevoreseest sts bo Aen waeesoneet SS A 
RE ea ae sa ey 


or~ue 
*e aronetees rie 2, arerero.0cere.8. 


RNR 


SNe 
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HM538123A Series 
¢ Color Register Read Cycle 


tras——— 4 
gio 


tcAS 


seaneenmeanesresaen Ba 


e 
525 


Sapsecesccamesseercncectooees 
i 


topo-———> 


RIAU Sos. 


Valid Out 
torr2 


dere’ i) O55 SKS eseccets 
eseuratera 


SERRE ESAS 
Seon 


Koereretete, 
s 


manana arate 





¢ Flash Write Cycle 


pan : IE 
CAS 4 Z ee BERR Te 


eee 


j : 
rn TAA x 
% etes veraten % Pee wp oneneracerene: 
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SERRE ORO 
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HM538123A Series 
¢ Block Write Cycle 






Address Sieaees 












Address t Letncrenen ncn 








AS “s SSESSESESESE = oa 
aR we & RRA OSHS SS 


Aa Ma ari 


.Oon't care 
0089-29 


Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 










¢ Page Mode Block Write Cycle 
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Pllc 
be bes Nisteey ey er ote So", ee oF 7%" oiees AS Jy” Nae ene stecepehe an hatntntate RAS 
OSF se Rey eRooRy CPSs eee 





24: Don't care 





0089-30 
Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 
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HM538123A Series 
e Read Transfer Cycle (1) 


BESO NOON CR RR RXR KR RRO 
I froreses dient. PM otetetetate ten oreceves, Pe 
sae cesestaretatetotatatetonsforetsconstonnonessnenpcenetseate 


eecPaatdae eeteec 
fe arene eretenanaree CR a ee 


ee. 
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OO RO MRAM RR RR 
; tOTHH 
High-Z —H|4+— 
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"e-@. CAAA A 
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SI 0 % \ RI) p 2 -, mY 
(Output) vated Sout Pes : SEED val 4 Sout KES 
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SAM Address MSB 


tago 


peas! : Don't care 
0089-31 


Notes: *1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle and CAS falling 
edge of this cycle (QSF is switched by DT rising). 
*2. This QSF timing is referred when SC isn’t risen between the previous transfer cycle and CAS falling edge of this 
cycle (QSF is switched by RAS or CAS falling). 
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HM538123A Series 
¢ Read Transfer Cycle (2) 
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OH 
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0089-32 
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HM538123A Series 





e Pseudo Transfer Cycle 
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tws twH 
+—+ 


WE Be EEE RR ND REY 
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tSou 
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PRE Don't care 


0089-33 
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HM538123A Series 


e Write Transfer Cycle 
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RAS eee 
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High-Z 
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cE Seats AP RARER CLA KENNA ASRS ROHR 
SE SoM SER AER SO 
tsrp 
tscp sca fisce 
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QSF SAM Address MSB 


:Don't care 


0189-34 
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HM538123A Series 
e Split Read Transfer Cycle 


i 
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+-trao—-> 
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+> 


BERR RR CW RO ONION scece. 
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e' 
te n7ahatatete ered, ix KOON e Pai oe ee ee ‘e*e' e 
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+-tsqo-> 
$504 
SAM Address MSB 


peas :Don't care 
0089-35 
Note: *1. If the next transfer cycle after read transfer cycle is split read transfer cycle, one or more access to SC are required 
between read transfer cycle and split read transfer cycle. 
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HM538123A Series 
e Split Write Transfer Cycle 
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m4: Don't care 
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e Serial Read Cycle 


SC 


S1/0 2 
(Input) & 


{Valid Sinige 





© Logic Operation Set/Reset Cycle 
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osesenee yey eet se ewes RTS 
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HM538123A Series 


tscc 
tsc-—> 
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34: Don't care 
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5% ate ie oA 
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setatetotatetciate 
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RSROR NORA Ne Ve Ate 
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0089-39 
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HM538123A Series 
e Logic Operation Mode Early Write Cycle 
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onare Karate rate ere een eve netet he 


emeed :DOn't care 
0089-40 
Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 





e Logic Operation Mode Delayed Write Cycle 


5 oreces 
. Be muses es "ere Ne 
rae ee 
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LEER ROR RTT 


Out) Eb liencorsr mon ERE 


tors +—| 


weap remweereeen 
outa see 
sores ees 


eed «Don't care 
0089-41 


Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM538123A Series 
e Logic Operation Mode Page Mode Write Cycle (Early Write) 
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rere’ * box) 
ie ee BESS RO CE 
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:Don't care 


0089-42 
Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 





e Logic Operation Mode Page Mode Write Cycle (Delayed Write) 
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ce 


Ce SEILER: Din x eeeaenenooen AEN Ss 


trFH tesci|tcrH 


SERA ena ip ranean nneevenie pris 


she 


peed : Don't care 


ee 


0089-43 
Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 


temporary mask write cycle starts. 
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HM538123A Series 
¢ Logic Operation Mode Read-Modify-Write Cycle 
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Address $8 
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me 1 5 LI ARO RE RG 
sooo Tempora [Temporary Mask | Fg { Valid Din We SORENSON 


Nae sees 


0089-44 
Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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